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Current Normal Average (1958—1972) 157
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Trends in Recreational Lands
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contained in six volumes:
Volume 1 ——Great Lakes Basin
Volume II ——Lake Superior basin
Volume III——Lake Michigan basin
Volume IV ——Lake Huron basin
Volume V ——Lake Erie basin




































































































































































































































































































































































































































































































































































































































































The Great Lakes Water Quality Agreement, with Annexes and Texts
and Terms of Reference Between the United States of America and Canada,
signed at Ottawa on April 15, 1972, included a reference to study pollu-
tion in the Great Lakes System from agricultural, forestry, and other
land use activities. The reference asked that the study assess whether
the boundary waters of the Great Lakes System were being polluted by land
drainage and if so, what remedial measures would provide improvements in
controlling pollutants from land usage. The need for better definition of
the impact of land use activities, practices and programs on water quality
in the Great Lakes area had become increasingly magnified. Through the
.Agreement, both the United States and Canadian governments requested the
International Joint Commission to investigate land use activity impacts
upon the Great Lakes. Accordingly, the International Reference Group
on Great Lakes Pollution From Land Use Activities was established in
December, 1972, and produced a detailed study plan (February, 1974 and
updated with the Detailed Study Plan Supplement August, 1976) outlining
an intensive study, scheduled for completion in 1978.
The final report will consist of study conclusions and recommendations
by PLUARG to the International Joint Commission.
Detailed Study PlaniiFebruary, 1974
 
The study plan emphasizes four main tasks:
Task A:
To assess problems,
management programs and research
and to attempt to set priorities in relation to the best information now
available on the effects of land use activities on water quality in bound—
ary waters of the Great Lakes.
Task B: Inventory of land use and land use practices, with emphasis
on certain trends and projections to 1980 and, if possible, to 2020.
Task C:
Intensive studies of a small number of representative water-
sheds, selected and conducted to permit some extrapolation of data to the
entire Great Lakes Basin and to relate contamination of water quality, which
may be found at river months on the Great Lakes, to specific land uses and
practices.
Task D: Diagnosis of degree of impairment of water_quality in the










Background information on characteristic Basin properties such as





























that an inventory of land use and land use practices
1
  
with emphasis on certain trends and projections to 1980 and 2020 is
essential to assist in developing the planning and management of land
to minimize the loss of pollutants into drainage water.
The objectives of the Task B effort are directed towards the
following activities:
0 To provide a general land use inventory of the Great Lakes
Basin.
0 To provide specific information concerning the nature and
location of defined specialized land use categories in the
Great Lakes Basin.
0 To provide information on the physical fabric of the Great
Lakes Basin including soils and their capability, hydrology,
geomorphology, climate, mineral and gas resources, broad
vegetation zones.
° To provide an inventory of various materials applied to land
which may influence the quality of drainage waters.
0 To provide a consistent and comprehensive set of forecasts for
1980 and 2020 relating to land uses and land use activities
based upon socio—economic, technological and political develop—
ments.
SCOPE OF STUDY
In order to meet the Task B objectives for the U.S. portion of the
Great Lakes, studies were agreedupon by the Task B members to pr0vide an
inventory for the following categories.
Physical Fabric
The objective of this activity is to provide background information
and data on the physical fabric of the individual Great Lakes Basins focusing
on the land drainage/water quality relationships and to provide a detailed
description of the basin in terms of climate, population, and social—
economic conditions.
Major Land Uses
The objective of this section is to gather information about the
generalized land use patterns in the Great Lakes Basin. This information
is determined from computer analysis of multispectical scanner (MSS) data from
the Landsat—l Program (formerly known as the Earth Resources Technology Satellite).
Specialized Land Uses
 
The objective of this activity is to provide specific information
concerning the nature and location of specific land use categories in the
Great Lakes Basin. The following specialized land uses comprise this
section:
a. disposal operations, liquid waste, solid waste, dredge spoil and
artificial fills, and deepwell disposal
b. Erosion, lakeshore and riverbank
c. intensive livestock operations
d. high—density, nonsewered residential areas
e. recreational lands
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 Materials Usage
This activity provides an inventory of production and/or usage
within the Great Lakes Basin of certain materials applied to lands with
a potential for reaching the Great Lakes through land drainage. The
materials to be inventoried include pesticides, agricultural manures, chemical
fertilizers, agricultural liming materials and road salts.
We
The objective in this section is to identify and assess future trends
in major land uses, specialized land uses, material usage, and related
information which may affect the drainage of pollutants into the Great
Lakes for the target years 1980, 2000, and 2020.
In order to facilitate the organization of information into usable
format, the U.S. Task B has been organized into five volumes and a summary.
Each volume addresses one of the five Great Lakes Basins. The information
within each volume has been subdivided into individual planning subareas
representing the major drainage basins in each lake. Basic information for
each planning subarea is presented on a county basis.
GENERAL SUMMARY
The Task B effort is aimed at providing an inventory of various
categories affecting land drainage or pollutional materials to the Great
Lakes. In generating data necessary to complete the inventory, a variety
of sources were utilized, including state agencies, recognised experts in
the field, published reports and documents, in addition to information
contained in the TaSk A Reports. Some background information has been
compiled as supporting data for this inventory. This material is available
for review at the Great Lakes Basin Commission in Ann Arbor, Michigan.
Because most of the data collected reflects conditions between 1970
and 1973 it may not reflect exactly the current situation. However,it
seems reasonable to assume that no major changes have occurred in the last
three years to significantly alter the general picture this information
attempts to portray. Ideally a continuous updating of this information
would be of significant utility to researchers, planners and those involved
with managing the water resources of the Great Lakes. Figures 1 and 2 Show
the area of study for the Lake Huron Basin as developed in Volume IV.
Physical Fabric
Physical fabric information considered important to land drainage/water
quality relationships includes geology, soils, minerals, climate, surface
and ground water, vegetation and wildlife, demographic and economic character-
istics were also considered as they relate to the human adaptation and use
of this physical environment.
Glaciation produced the present topography of the Lake Huron basin.
Most of the basin is covered with thick glacial sediment; only in the
eastern part are glacial deposits thin and bedrock exposed in places.
Soils vary widely from the northern portion to the southern portion of the
basin.
Soils in the northern portion are low in lime content, low in
  
Soils of
great variety are found in the southern portion, with over 50 percent of
the total land area subject to some problem with drainage or flooding.
fertility, and subject to severe drainage restrictions.
The climate of the basin is a humid continental micro-thermo type.
Prevailing westerly winds from Lake Michigan have a moderating effect
on summer and winter temperatures. Extreme temperature variations are
not usual. The length and depth of Lake Huron make susceptible to extreme
wind and wave development}
Streams in the northern portion are generally short with stable
flows. Inland lakes are common and water quality is generally good.
the southern part of the basin flows of streams are usable and water
quality is poor due to turbidity and municipal, industrial and agricultural
wastes. Low well yields occur in most of the basin and the presence of
highly mineralized water in some parts of the bedrock are the major ground
water problems.
In
Wildlife habitat and wildlife resources vary from north to south with
changes in land use and climate being important factors in the variation.
The Lake Huron basin is the least developed in the Great Lakes, next to
Lake Superior. The northern half is oriented toward its recreational
resources while the southern portion is focused on manufacturing and
agricultural use.
Major Land Uses
In conjunction with the U.S. Environmental Protection Agency, Purdue
University developed a generalized land use mapping for 4 categories of
land use—-residential, commercial, row crop, close grown crop, pasture,
forest, water and wetlands——utilizing the Earth Resource Technology
Satellite (LANDSATml) information. This provided a complete coverage of
the U.S. portion of the Great Lakes Basin.
Specialized Land Uses
 
The specialized land uses covered in this report are disposal opera—
tions, erosion, intensive livestock operations, high density, nonsewered
residential areas, and recreational lands.
These categories are considered
to be the more significant nonpoint sources of pollution affecting the
water quality of the Great Lakes.
Disposal operations include liquid waste, solid waste, dredge spoil
and deepwell disposal. The majority of all these di3posal types are
found in the more populous, more industrialized southern portion. Pollution
problems from liquid waste disposal operations have been difficult to
determine until recently, when more strict monitoring procedures have come
into practice.
The Lake Huron shoreline is generally impermeable and acts
as a natural barrier to the direct inflow of contaminated ground water
from solid waste disposal sites.
The types of pollutants that may arise




 Planning Subarea 3.2 contains the largest number of deepwell
disposal operations of any 0f the planning subareas in the Great Lakes
Basin. The majority of these, however, are brine wells, which have
fewer potential problems than do waste wells.
The two types of erosion considered in this report are lakeshore
and riverbank. The Saginaw Bay area, characterized by wetlands, and the
northern portion of the lakeshore, comprised of erodible low plain, are
particularly susceptible to lakeshore erosion. About 6 percent of the
total length of riverbank in PSA 3.1 and 7 percent in PSA 3.2 is subject
to some form of erosion.
Almost one-half of all the housing units in the Lake Huron basin
are connected to a public sewer. This could have a great impact on water
quality in some localized areas. Contrasts in recreational use appear in
the Lake Huron basin. The northern portion is oriented toward activities
suitable for a natural environment and has many more rivers and lakes
suitable for boating and recreational uses than does the southern portion.
The shoreline of the southern portion is more developed, and urban and day
use facilities are more common.
Materials Usage
The Materials Usage section addresses primarily agricultural opera—
tions. However, an additional category, road salts, have been incorporated
into the section to address the influences of road deicing salting
practices upon the water quality of Lake Huron.
District contrasts in agricultural characteristics are evident in the
Lake Huron basin. Planning Subarea 3.1 is not generally known for its
agricultural production, but does contain a number of livestock. Planning
Subarea 3.2, by contrast, is primarily known for its agriculture and is
a major navy bean and sugar beet production center.
The major residuals generated from the various materials used in
agricultural operations are nutrients and industrial chemical materials.
The generation of nutrients, primarily nitrogen and phosphorus, results
from animal manures and fertilizer usage. Chemical residual materials
are primarily generated from the use of herbicides, insecticides, and
fungicides on crops. In addition, road deicing_salts can generate
significant levels of chloride concentrations in localized ground and
surface water areas. A third component, although relatively modest in
nature, is the leaching of liming materials into ground and surface water
areas.
Future Trends
The Lake Huron basin will experience significant changes in its
current population levels over the next several decades. By 2020, depend—
ing on the OBERS series used, population will increase between 50 and 100
percent. The Lake Huron basin is projected to move toward the national
income—per—capita ratio. Earnings by sector will be relatively stable,
with the exception of manufacturing, which will decline in importance,
and the service sector, which will increase in its economic share.


















































































































































































































































































































































































































largest lake in the world,


















(16,200 square miles) of land and water area in both the
Upper and Lower Peninsulas make up the drainage area of the northeast




of drainage basin is in
Canada.
The major sources of inflow to Lake Huron are the outlets from
Lake Superior and Lake Michigan.
The runoff from the Canadian and Michigan
portions of the drainage basin also feeds Lake Huron.
This includes the
Saginaw River which is the largest river in Michigan.
The economic counter-
part of the lake basin is the Lake Huron region, which includes 22 counties
in the northeast portion of the Lower Peninsula of Michigan.
For planning
purposes,
the Lake Huron basin (3.0) is divided into two planning subareas
(PSA 3.1 and 3.2).
Table 1
LAKE HURON AREA MEASUREMENT
  
Basin Region
































































































 Most of the basin is covered with thick glacial sediments; only
in the eastern part are the glacial deposits thin and bedrock exposed in
places. Glacial deposits are reported to be as much as 259 meters (850
feet) thick in the hilly morainal northwestern area and are composed largely
of silty and clayey sediments. Till plain, moraine, and outwash deposits
are less common.
The bedrock underlying the Lake Huron basin and consisting of
Paleozoic sedimentary carbonates, shales, and sandstones, forms the north-
eastern part of the Michigan structural basin. The older consolidated rocks
form the northeastern rim of the structural basin and the younger rocks lie
in the middle. The type of bedrock has played an important role in the
formation of major physiographic features. Where the bedrock directly under—
lying the glacial drift consists of relatively resistant carbonates and
sandstones, erosion has formed escarpments and hilly topography. On the
other hand, where shales are present, they have been easily eroded by various
erosional processes and now underlie the lake bottoms and other low areas.
The geologic characteristics in the northern part of the basin
have developed lowwaterholding soils, which have an effect on water quality
of the area. The streams draining this area are stable throughout the year,
mostly very clear, and are low in concentrations of chemical constituents.
Such conditions help provide high quality waters to Lake Huron.
Soils and Topography
 
Soils in the Lake Huron basin vary widely from the northern portion
of the basin to the southern portion of the basin. In the northern portion
the podzol soils, those developed under cool, moist climate from siliceous
parent material, cover most of the area. Typically, these soils are low in
lime content, low in fertility, and subject to severe drainage restrictions.
The soils of the scuthern portion of the basin show little resem—
blance to bedrock. Instead, their character is determined by differences in
the glacial mantle. Deposits range from the lacustrine clays to outwashes
of nearly pure sand and contain a large variety of mineral materials. In
addition, the long—term agents of climate, cover, and topography have
resulted in soils of great variety in terms of parent material, texture,
and soil profile development. Slightly over 50 percent of the total land
base in the southern portion of the basin is subject to some problem with
drainage or drainage and flooding. About 24 percent of the cropland is
subject to drainage problems, and on half of this area these problems are
severe.
Minerals(l)
Mineral deposits found in the Lake Huron basin are a reflection
of the geology, the sedimentation, and subsequent glaciation of the area.
Minerals found in the northern portion include gypsum, petroleum and
natural gas, sand and gravel, shale, and limestone. The minerals found in
the southern portion include clay, peat, petroleum, and natural gas, salt,
sand, gravel and limestone. In addition, cement and lime are manufactured
from both local and imported raw materials, and bromine, calcium compounds,
iodine, manganese, and potash (salines) are extracted or manufactured from






The climate of the Lake Huron basin is a humid continental micro—
thermo type. Prevailing westerly winds passing over adjacent Lake Michigan
have a moderating effect on summer and winter temperatures in the basin.
In addition, the presence of Lake Huron moderates the lake shore areas to a
significant extent. The lake acts as a vast reservoir for the storage of
heat energy and its Subsequent exchange with the atmosphere. The lake
effects are manifested in a number of ways, including moderation of temper-
ature, augmentation or suppression of precipitation, fog formation, and
increased wind strength. The maximum temperatures in July range from 27.7°C
(82°F) inland to 24.4°C (76°F) along the Lake Huron shore. January minimum
temperatures range from —12.2°C (10°F) inland to —7.8°C (18°F) in the sauth-
eastern shoreland in the basin. Extreme temperature variations are not
unusual for this area. For example Mio, Michigan in the center of the basin,




















from 95 days inland to about 180 days on the south shore.
Precipitation over the basin averages 76 centimeters (30 inches)

















































































































The formation of ice on Lake Huron is quite similar to that of
Lake Michigan. During a normal ice season 60 percent of the lake surface
becomes ice covered. The lake clears rapidly of ice in the spring and
usually by early April only the North Channel, the Straits of Mackinac and
Saginaw Bay contain any extensive ice cover.
Ice cover on the Great Lakes can also affect climatic conditions.
The ice creates a barier between the atmosphere and the relatively warm
water. As a result the lake effects on the climate are diminished. This
creates clearing skies for shoreline areas and colder temperatures which
are more common to interior locations.
Although precipitation is not as large an input in Lake Huron as
it is in Lake Superior or Lake Michigan it still may contribute to the
contamination of water in this area. Rain and snow may absorb pollutants in
the atmosphere and contaminate the water. Large amounts of precipitation
also allows nutrients and pollutants from land to enter watercourses via
runoff and percolation.
 
Water quality problems from erosion can be caused by a number of
climate—related actions. These actions include currents, runoff, ground
water flow, frost—heaving, ice pressures, and flooding and wave forces. Wind
generated waves are the most damaging agent. The length and depth of Lake
Huron make it susceptible to extreme wind and wave development. Strong,
prevailing northwesterly winds cause large waves to be established, which
11
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travel long distances before reaching the south and east shores. In addition,
the climatic factors have an important effect on the distribution of people,
agriculture and industry in the basin, with the majority of the population
in PSA 3.2.
Table 2





















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































throughout the lake have changed as well. Carp have been introduced, and
lake trout and walleye have been reduced in importance, presumably in
response to sea lamprey predation and poor fishing practices.
Water quality is generally good throughout the upper portion of
the basin, although there are localized reaches of substandard water quality.
These substandard reaches receive effluent of the primary treatment plants
or industrial discharges, or of seepage from septic tanks or discharge of
raw sewage. In the southern portion of the basin, the Saginaw River is
substandard in quality throughout its entire length.
Ground Water
The Lake Huron basin contains several moderately sized areas in
which large supplies of ground water are available for development. Most
of these areas are in the southwestern upland part of Planning Subarea 3.1.
The Au Sable River subbasin has the greatest potential. However, demand
for water supplies has been small, inasmuch as this subbasin is relatively
undeveloped. Large supplies, in small areas, also are available in the
western and southern parts of Planning Subarea 3.2. The aquifers here
require careful development to avoid contamination by salinewater. Else—
where in the basin, there are no known sources of large groundwater supplies;
development of large supplies of water in these portions of the basin require
use of Lake Huron water or that from streams.
The chief sources of ground water are the aquifers in the glacial
outwash and in some places the morainal deposits. The bedrock is dominantly
Paleozoic sedimentary carbonates, shales, and sandstones. The sandstone or
carbonates, especially where they can be recharged from overlying permeable
glacial deposits, are sources of moderate supplies of ground water.
Other than a general occurrence of low well yields in large parts
of the basin, the major groundwater problem is the presence of highly
mineralized water in some parts of the bedrock. Pollution also has been a
problem in the basin. There is a potential for local pollution from solid
waste disposal, industrial wastes, oil—field brines, highway salting, and
liquid wastes (eg. laundromat wastes). Continuing protection of sources of
ground water is needed.
Presently, groundwater sources have beendeveloped intensively for
water supply at points of need. Unfortunately, the points of need are
generally not at the best potential sources. Thus, some groundwater resources
are relatively untapped and are still available for regional development.
The wide distribution of aquifers suggests their potential value for use
other than at points of need. Possible applications include the use of
ground water for low-flow augmentation, sewage assimilation, and for
replenishment of surface reservoirs. Use of ground water for purposes such
as these could materially aid in the solution of water quality as well as
water quantity problems. In addition, tapping of unused aquifers on a
regional basis could lower the water table to provide underground storage
capacity for increased natural recharge, and conceivably could reduce flood
discharges.
The small population, large recreational use, minor industrial
development, limited irrigation, and local highly mineralized water have all
restricted the development of ground water in Planning Subarea 3.1. In





   
industrial development locally, and large withdrawals of surface supplies
have restricteddevelopment of ground water.
Vegetation Zones and Wildlife Habitat
Beech, birch, maple, and hemlock are the major forest types covering
the northern portion of the basin and parts of the mid—portion as well as
the Lake Huron shore area. A wide band of jack, red, and white pine
stretches across the central portion of the northern area of the basin,
bordered by areas of spruce and fir to the south. In the southern portion
of the basin the species are aspen, birch, elm, ash, maple, and pine
stretches across the central portion of the northern area of the basin,
bordered by areas of spruce and fir to the south. In the southern portion
of the basin the species are aspen, birch, elm, ash, maple, and pine. These
species are not of high quality for producing marketable saw logs. Conse-
quently, the forest industry in the 11 counties of Planning Subarea 3.2 is
primarily oriented to the production of pulpwood and Christmas trees, with
only a limited amount of timber being used for manufacturing of other wood
products.
Wildlife habitat and wildlife resources vary from north to south in the
area with changes in land use and climate being important factors in the
variation. The northern part of the plan area is characterized by large
tracts of state and national forests. Human population densities are low
and problems here are those of resource management. In the big game category
deer make up the main target. There is also a small herd of elk in four
northeast counties.
Good habitat conditions provide the area with some of the best ruffed
grouse and woodcock populations in the State of Michigan. Squirrel, various
hare, and cottontail rabbit make up the remainder of the population of small
game.
For waterfowl, many species of ducks and geese frequent the open waters
of Lake Huron in addition to the many inland marshes, lakes, rivers, and
flooded areas.
Lately the wildlife habitat has deteriorated. Clean farming practices,
particularly in the "Thumb" on the east side of Saginaw Bay, have hurt
pheasant nesting and winter cover,as well as reducing the pheasant food
supply. In addition to the degradation of habitat, losses of habitat area
are occurring from urban expansion. The construction of highways, sub—
divisions, and new utilities has taken a significant amount of land.
The northern portion of the area offers an abundance of fishing oppor-
tunities. A wide variety of species, large acreages and numerous lakes,
many miles of stream accessibility, and a rural natural environment are
many factors influencing large numbers of fishermen to travel fairly long
distances to fish in this area.
In the lower portion of the basin water pollution from industrial,
municipal, and agricultural development has in the past diminished the
fishing quality in many of the major rivers and impoundments, particularly
around Flint, Saginaw, Bay City, and Midland. Additional problems are
serious erosion and siltation from both agriculture and urban construction.
Management for the valuable sports species and the removal of rough fish is
also a problem in this portion of the basin. Recent improvement in water
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quality and the newly planned impoundment of Pine River offer hope for
reestablishing valuable fishery specieswithin the southern portion of the
basin.
(1+)
Demographic and Economic Characteristics
 
Population
The Lake Huron basin ranks fourth in population of the five plan
areas in 1970, with 1,237,557 persons, about 4.2 percent of the regional
population. This was an increase of 17 percent from the 1960 population of
1,056,577. The rate of increase was slightly higherin the northern part
of the area than in the southern part, though the latter is by far the more
populous. In the 11 northern counties only Alpena, Cheboygan, Iosco, Otsego,
and Presque Isle supported population centers large enough to be classified
as urban. Theremaining four counties had less than 10,000 persons each.
The southern portion of the area shows a wide spread between sparsely settled
Gladwin County and thickly settled Genesee County. Genesee County, with a
population density of about 690 persons per square mile, is the second most
densely populated area in Michigan. The 1970 population census showed
665,761 persons living in urban areas, or 61.0 percent of the total popu-
lation of 1,094,201. There are three SMSA's in the Lake Huron basin. These
are Flint, Saginaw, and Bay City, all in the southern part.
Resource Use and Development
 
Outside of Lake Superior, Lake Huron is the least developed of all
the Great Lakes. The northern half of the Lake Huron basin is more conducive
to development and utilization of the recreational resources as indicated by
the approximately 20,700 seasonal vacation homes that are located in the
area. The highest concentration of these homes is in the counties adjacent
to Lake Huron and in the counties with large numbers of inland lakes. In
addition to these seasonal vacation residents, thousands of tourists come
to the area each year for recreation.
The economy in the southern portion of the basin is focused on
intensive, heavy manufacturing, largely concentrated in the urban areas of
Genesee, Saginaw, and Bay Counties, and in Midland County, which is the
center of one of the largest chemical industries in the United States. Most
of the population is in these four counties. Most of the other counties in
the southern portion of the basin depend on resource baseactivities such
as the prime agricultural land in the "Thumb" area and in the western part
of the area.
Few municipalities of any size are located on the United States
shorelands of Lake Huron. The more significant towns and cities include
Cheboygan, Alpena, East Tawas-Tawas City, Bay City and Port Huron. Conse-
quently, very little commercial and industrial activity is currently in
evidence along the shorelands except at Bay City, Rogers City, Alpena and
Cheboygan. Figures 4-and 5 summarize the existing development of the
Lake Huron area.
Use and development of the United States shorelands of Lake Huron
is light from Mackinaw City southward to the most populated areas near
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Huron and Sanilac Counties, Michigan.




































































































































































 PLANNING SUBAREA 3.1
 
Planning Subarea 3.1 includes the St. Marys Complex, the Les Cheneau
Complex, the Presque Isle Complex, the Cheboygan River, Thunder_Bay River,
Alcona Complex, the Au Sable River, and the Rifle-Au Gres Complex. The
planning subarea includes 11 counties in the Lower Peninsula only.
Table 4
LAKE HURON NORTH PLANNING SUBAREA 3.1(4)
Drainage Area Population 1960 1970
Square Kilometers 21,077 Total 119,007 142,064
Square Miles 8,138 Farm 19,378 ---
Non—Farm 99,629 ---
States
Michigan 100% SMSA none none
Land Use and Water Area (1970)
(Acres) Emploment 37 , 503 45 , 609
Total Area 4,167,000
Water Area 149,200 Agriculture
Land Area 4,017,800 Forestry, Fisheries 10% 5%
Urban 180,801 Mining 3% 3%
Cropland 530,350 Manufacturing 23% 23%
Pasture 172,765 Other 64% 69%
Forest Land 2,912,905
Other Land Area 220,979 Income (1967 dollars)
Total Personal Income 389,007,000
Lake Huron Shoreline Per Capita Income 2,733
Kilometers 580.9
Miles 361.0
To Convert From To Multiply By
Acres (acre) Hectares (ha) 0.405
Land Resources
Geology and Geomorphology
The area is characterized by rather flat to rolling terrain with
elevations ranging from about 180 meters (600 feet) to 300 meters (1,000 feet)
above sea level. In the northwestern portion of the basin, an exception to
this general condition occurs where hilly, sandy, morainal uplands predomi—
nate and elevations reach over 400 meters (1,400 feet). The oldest bedrock
formations stretch across the northern one-third of the region. Limestone
outcrops occur in Alpena, Cheboygan, and Presque Isle Counties. A wide
band of undifferentiated bedrock composed of blue-grey limestone and cala—
reous shale lies across Cheboygan and Presque Isle Counties. Shale forma—
tions outcrop in Alpena, Presque Isle, Cheboygan Counties; the Michigan
formation composed of shale, sandstone, beds of gypsum, and some dolomitic
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3.1
 Soils and Topography
 
Planning Subarea 3.1 consists mostly of coarse textured soils;
sand and loamy sand. The landscape is nearly level to gently sloping with
local areas of stronger relief.
Medium textured soils occur at the north end of the area near Lake
Huron. Along the lake shore, shallow medium textured soils over limestone
bedrock are extensive. Slopes are gentle to rolling with steeper local areas.
The southern portion of the area, west of Saginaw Bay, is a mixture
of moderately fine, medium and coarse textured soils, ranging from clay loam
to sand.
Large and small deposits of organic soils occur throughout the
subarea. Soil associations are shown on Figure 7.
Some soil characteristics that are important in identifying and
locating potential pollution problems resulting from land use activities are
shown on Table 5.
Minerals
Mineral production in the 11 Michigan counties which comprise
Planning Subarea 3.1 include gypsum, petroleum and natural gas, sand and
gravel, shale, and stone (limestone). From 1960 to 1968, gypsum output
remained constant while shale, sand and gravel, and crushed and broken stone
increased in Output and value. Petroleum and dimension stone decreased in
value and output during this time.1
A total of 51 nonmetallic mineral operations and 518 oil and gas
wells were producing in 1968. All of the counties had sand and gravel oper—
ations. Oil and natural gas wells were active in 6 counties, limestone
quarries in 4 counties, and shale and gypsum operations in one county each.
Selected operations are shown in Figure 8.
The combination of low population and bountiful mineral resources
in Planning Subarea 3.1 should allow for an orderly growth of the mineral
industries within a quality environment. Hence, no serious long range water
or land problems are foreseen for the subarea mineral producers.
Water Resources
Surface Water Hydrology
Planning Subarea 3.1 has abundant surface water resources. It
contains nearly 60,700 hectares (150,000 acres) of surface water in the form
of rivers, lakes, and embayments. The major river systems include the
St. Marys Complex, the Les Cheneau Complex, the Presque Isle Complex, the
Cheboygan River, Thunder Bay River, Alcona Complex, the Au Sable River, and
the Rifle—Au Gres Complex. These total for over 6,400 kilometers of streams
(4,000 stream miles). The streams are typically short; with generally
stable flows and small drainage areas.
Table 6 indicates flow character-
istics for selected stations.
Water surface on inland lakes within the planning subarea exceeds
76,890 hectares (190,000 acres) and range from 20,235 hectares (50,000
acres) to small glacial ponds measuring 0.04 hectares (one tenth of an acre).
There are also a few eXisting reservoir sites within the planning
subarea which total to over 8,094 hectares (20,000 acres) of water surface.
A number of smaller sites (less than 200 hectares or 500 acres) also exist
but are not included in these figures.
22
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Nearly level 0-22 slope, medium to coarse textured,
poorly and very poorly drained, neutral soils
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 Table 6
FLOW CHARACTERISTICS AT SELECTED STATIONS(8)
 





























































































































































































































































































































































































































































































































































































































































































































































































































GENERAL STRATIGRAPHY AND MAJOR AQUIFER SYSTEMS IN PLANNING SUBAREA 3.1(7)
(Stratigraphy only carried down to lowermost major aquifer)





In lye:- m nr—u— In 1].“. m m
(H -) (Ir) (“J
ﬂighnan (gm; [gnu-Ink)
50-120 Carton-tn.
Hi shill" (lave; Peninlulg)
n .
Proton: only in null an. of
Anna: Co. Irina- Ind nl-
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1/
2/Range is that of typical, high—capacity wells
H H II II
To Convert From Ig_ Multiply By
Feet (ft) Meters (m) 0.3048
Gallons (gal) Liters (1) 3.785
Table 8
 
CHEMICAL QUALITY CHARACTERISTICS OF THE MAJOR
AQUIFER SYSTEMS IN PLANNING SUBAREA 3.1(7)
(Numerical ranges represent typical values and do not include
unusually high or low values)
Total
dissolved Temper-
Aquifer lyntcn Hardnala Sulfate Chloride Iron solids ature Remarks
(ms/1) (ms/1) (mg/1) (mg/1) (mg/1) (°F)
Michigan §Upgcr Peninsula)
Quaternary 75-170 10-20 0-15 0-0.1 100-175 44-52
Silurian 250-300 20-550 0-15 0-1 250-650 44-55 Saline water in southern part of
(Burnt Bluff- Mackinac County and where
Bngadine) confined by bedrock.




Quaternary 100-300 0-80 0-50 0-1.5 80-400 45-50 Saline locally in east and
southeast area.
Hiaaiaaippian 130-470 3-450 3-300 0.5-2 --- 46-55 Saline in southeast area.
(Mar-hall)
Devonian 150-300 5-80 0-60 0-1 250-370 47 Saline where confined.
(Dundee and Traveroa)
To Convert From To Multiply By
Fahrenheit (°F) Centigrade (°C) °C=5/9(°F-32)
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Typical ranges of unsustained
yields from 6-inch or larger
diamemr wells






















0 5 10 15 20
GROUND WATER IN THE UNCONSOLIDATED SEDIMENTS IN PLANNING SUBAREA 3.1(9)
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POPULATION DATA BY COUNTY( )
Nulber Percent Land





















































Cheboygan 13,644 13,731 14,550 16,573 5,553 33.5 721






















Ogemaw 8,720 9,345 9,680 11,903 - - 571











Presque Isle 12,250 11,996 13,117 12,836 4,275 33.3 648
To Convert Fro- '_l.'_o_ lhltiglz )2
Square 1111“ (aq l1) Square Kilo-euro (aq kn) 2.59
Table 10
' ll
AGRICULTURAL LAND USE‘, PLANNING SUBAREA 3.l( )
Current Normal-QT






Nile. Small Grains 1.4 0.6
Corn for Grain 11.5 4.7
Corn Silage 18.2 7.4
Soybean 0.6 0.2
Dry 3.0. Beans 12.6 5.1
Sugar Beets 1.3 0.5
Potatoes 4 . 7 1. 9
Fruits 2.9 1.2
00-. Vegetables 1.6 0.6
Com. Sod 0.2 0.1
Alfalfa Hay 113.8 46.1
Clover 6 Timothy Hay 22.5 9.1
Cropland Pasture 46.5 18.8
Idle Cropland 251.9 101.9
Total Cropland 531.2 215.0
Improved Pasture 36.9 14.9
lmprovable Pasture 136.7 55.3
I. Improv. Pasture
Total Pasture 173.6 70.3
um 5.. may 704.3 285.2
Loaa Than 100 Units.
Altotala my not add due to 1‘01de.
yum-cent is in thou-ands of acrea or hectarea.




POPULATION, EMPLOYMENT, PERSONAL INCOME, AND EARNINGS




Per capita income (l967$) 2,733
Per capita income Rel. (U.S.=l.00) .79
Total employment 45,601—
Employment/population ratio .32
Total personal income 389,007—
Total earnings 248,951-
Agriculture, forestry & fisheries 1,214c-
Agriculture -




Crude putroleum & natural gas —
Nonmetallic, except fuels -
Contract construction 16,506—
Manufacturing 74,696—
Food & kindred products -
Textile mill products -
Apparel & other fabric products -
Lumber products & furniture -
Paper and allied products -
Printing and publishing -






Fabricated metals & ordinance . -
Machinery, excluding electrical -
Electrical machinery & supplies -
Motor vehicles & equipment -






















a—represents 80.0 to 99.9 percent of the true value
c-represents 40.0 to 59.9 percent of the true value
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 PLANNING SUBAREA 3.2
 
This study area is located in the lower Lake Huron drainage basin in
the east central portion of the State of Michigan. Ths planning subarea
consists of 11 counties with a total county or political boundary acreage
of 1,805,545 hectares (4,461,440 acres).
Table 12
LAKE HURON SOUTH PLANNING SUBAREA 3.2(4)
Drainage Area Population 1960 1970
Square Kilometers 20,842 Total 937,570 1,095,493




Bay City 107,042 117,339
Flint 416,239 496,658
Land Use and Water Area (1970) Saginaw 190,752 219,743
(Acres)
Total Area 4,461,400
Water Area 37,300 Employment 318,478 385,528
Land Area 4,424,100 A ri 1t re
Urban 389,321 g C“ u 2 . . .
Forestry, Fisheries 64 24
Cropland 2,371,318 . . a 0
Mining 14 14
Pasture 185,812 a 0
Manufacturing 434 414
Forest Land 1,194,507 0th r 507 567
Other Land Area 283,142 e ° °
Lake Huron Shoreline Income (1967 dollars)
Kilometers 328.2 Total Personal Income 3,635,253,000
Miles 204.0 Per Capita Income 3,312
To Convert From Ig_ Multiply By
Acres (acre) Hectares (ha) 0.405
Land Resources
Geography and Geomorphology
Planning Subarea 3.2 is characterized by rather flat to rolling
and hilly terrain with elevations ranging from 178 meters (585 feet) to 366
meters (1,200 feet) above sea level.
Glacial features characterize the surface formations of this area.
A glacial lake plain-lies between Flushing and the junction with the
Shiawassee River. It is underlain by shale and some limestone. The main
constituent of the drift is clay, althOugh there is a fairly consistent
gravel bed just above bedrock. From Flushing to the west line of Lapeer
County are deployed moraines with clay as the main constituent. Between the
moraines, till plains, glacial outwash channels and glacial lake beds are
38
   
   
  
   














































































































     
Figure 14
LAKE HURON SOUTH PLANNING SUBAREA 3.2
39
Planning Subarea (PSA)




















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Figure 15 SOIL ASSOCIATIONS:
PLANNING SUBAREA 3.2
SCALE IN MILES






























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































DRAINAGE in./hr. in./1n.l TOR TILITY RE}mpK$
Michigan (continued)
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Figure 16

































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































In addition to the scarcity of large ground water supplies, there
is a definite problem of poor quality water. Saline water is often found at
depths less than 30 meters (100 feet), either in the drift or bedrock. In
general, poor quality water can be expected in the central basin area. Part
of the poor quality probably results from natural migration of saline water
upwards and outwards from the inner and deeper bedrock formations in the
Lake Michigan basin. In other instances, the poor quality results from
leakage through uncased or poorly constructed boringsdrilled for coal, salt,
or brines. In still other areas, the natural balancebetween fresh and salt
water has been distrubed by draining or pumping. Brine, salt, and coal
borings are generally located in the c0unties adjacent to Saginaw Bay. Many
of the walls have since been plugged and the brine leakage reduced.
Ground water management considerations will be needed in the
Midland area where industrial requirements for streamflow have exceeded the
supply and where available lakes and streams for recreation are limited. In
addition, a large nuclear powerplant is planned for the area. Cooling water
would have to be released to a stream. Surface reservoirs to store seasonal
excess streamflow for release to augment deficient flow have been recommended.
The surface reservoirs also could be used for recreation. Other possible
hydrologic solutions could be the use of ground water reservoirs for storage
and subsequent pumpage to augment low streamflow. Ground water storage is
potentially available in glacial drift formations in the northwest portion
of this area.
There were eight active and one standby industrial waste—disposal
wells in Planning Subarea 3.2 as of August 1968. Eight of the wells dispose
their wastes in the saline part of the Marshall Formation and one in the
Devonian (Dundee Formation) system. The wells are located in Gratiot, Midland,
and Bay Counties. Figures l7, l8 and 19 and Tables 15 and 16 describe the
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‘ Range 1: that of typical high-capacity wells.
2 Range in that of all wells.
To Convert From $9_ .Mnltiglz BX
Feet (ft) Meters (m) 0.3048
Gallons (gal) Liters (1) 3.785
Table 16
CHEMICAL QUALITY CHARACTERISTICS OF THE MAJOR AQUIFER
SYSTEMS IN PLANNING SUBAREA 3.2‘
(Numberical ranges represent typical values and do not
include unusually high or low values)
Tot-1
diuaolvnd Temper-
Aquifer system Hardnoll Sulfate Chloride Iron solids ature Remark:
(Is/1) (ms/1) (Is/1) (Ix/1) (ms/l) (°F)
manna
Quaternary 100-550 0-600 0-450 0-11 160-700 46-54 Salina lac-11y.
Pennsylvanian 130-725 15-500 0-630 0-5 200-000 50-55 Saline in central part of are
(Saginaw 11‘] Grad In.) ‘
Hilatulippinn 200-360 10-300 0-650 O-A 250-600 k9-55 Snline in part of area.
Jﬂumdn
To Convert From $9 Multigly By
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Resource Use and Development
The industry structure in the planning subarea in 1970 was dominated
by manufacturing, which employed 158,000 workers and accounted for almost
41 percent of the total employment.
The percentage of employment in manu-
facturing in the nation and in the Great Lakes Basin were 25 percent and 35
percent, respectively.
The leading industrial employers were chemicals,
primary metals, automobiles, and food. Agriculture accounted for about 2 1/2
percent of the employment, but agriculture employment declined 78 percent in
the planning subarea between 1940 and 1970, a slightly more rapid decline
than in the nation or in the Basin. Mining employment has been declining
and losing significance in the basin economy.
The increasing importance of the service industries is also evident
in this planning subarea. Agriculture and mining employment will decline,
and the doubling of employment in manufacturing will be less than the propor-
tional growth in the total employment.
The trend toward increased urbaniza—
tion is expected to continue, due in part to the continuing reduction of
   
agriculture employment.
The excellent natural outdoor recreation resources in the planning
subarea, its proximity to the major population centers of Flint, Saginaw, and
Bay City and relatively short distance from Detroit, indicate an increasing
demand for outdoor recreation. The continuous upswing in population, income,




































































































































































Misc. Small Grains 0 0
Corn for Grain 273.2 110.6
Corn Silage 89.1 36.1
Soybean 96.2 38.9
Dry E.D. Beans 482.3 195.2
Sugar Beets 69.7 28.2
Potatoes 14.8 6.0
Fruits 11.0 4.5
Comm. Vegetables 9.0 3.6
Comm. Sod 2.5 1.0
Alfalfa Hay 258.1 104.5
Clover & Timothy Hay 46.7 18.9
Cropland Pasture 71.6 29.0
Idle Cropland 610.2 246.9
Total Cropland 2,370.0 959.1
Improved Pasture 31.0 12.5
Improvable Pasture 154.2 62.4
N. Improv. Pasture
Total Pasture 185.2 74.9
Total Ag. Landéj 2,555.2 1,034.1
1/
-— Current normal represents present yield estimate based on 1958—1972 ave
-/Measurement is in thousands of acres or hectares.
3/





EMPLOYMENT, PERSONAL INCOME, AND EARNINGS





Per capita income (1967$) 3,312











































































































































































































































































































































































































































































































































































































































 MAJOR LAND USES
INTRODUCTION
In 1972 the governments of Canada and the United States upon signing
the Great Lakes water Quality Agreement requested that the International
Joint Commission (IJC) investigate pollution of the boundary waters of the
Great Lakes system from agriculture, forestry and other land use activities.
In 1973 the IJC charged its Reference Group on Great Lakes Pollution from


















tracted with Purdue University/Laboratory for Applications of Remote
Sensing (LARS) to prepare for the Reference Group a current land use
inventory of the 34,000,000 hectares (84,000,000 acres) included within
the U.S. portion of the Great Lakes Basin. The results of this inventory
will be used to determine the contribution to the pollution of the Great
Lakes from land use activities.
This report contains the inventory information collected by county
for the Lake Huron basin. A detailed discussion of the procedures used to
obtain these results are contained in Volume I - Great Lakes Basin Report.
Approach
LANDSAT multispectral scanner data, collected from the 1972 and 1973
growing seasons were used as the prime data source for analysis. These
LANDSAT MSS data were analyzed by computer-implemented pattern recognition
techniques to produce spectrally separable classes which were then related
to the land use categories listed in Table 20.
Results
Results of the land use inventory are reported in two forms: geomet-
rically correct color-coded maps and statistical tables. Individual geo-
metrically correct county maps were produced with each of the Level I land
use categories represented by a designated color. Statistical tables of
each county were compiled which include both primary and secondary levels
of land use with each category reportedas 1) percentage of the county









































































































































































































































































































































































































































































































































































































































































Since the results of this project were to be presented at the county
level, this dictated that several rather small analysis tasks be performed
as opposed to a few taskscovering large areas. In order to standardize
the analysis procedures, a comprehensive procedures document was prepared.
This document was concerned with the areas of data preprocessing, analysis
and results and is summarized in Volume I - Great Lakes Basin Report.
Prior to analysis the 191 counties were divided into two categories:
(a) those having underflight reference data available and (b) those having
no underflight reference data. Those counties which had sufficient under-
flight data were analyzed and classified from statistics generated within
the county. The statistics were prepared utilizing the underflight data
and other available reference data to obtain informational classes from
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Table 23 lists the categories which could be routinely identified a







































classified into two Level II classes,
















































































































































































counties. This is justifiable since most small towns are spectrally simi-
lar to forest areas.
The maps of these counties do not include an urban
category.
The agriculture category was generally classified into two Level II
classes, i.e., bare soil and pasture/meadow/close grown crops. A proce-
dure was developed which allowed the analysts to relate the areas classi-
fied as bare soil to row crops planted. This procedure was based on a
study conducted in 1974 on data from Boone County, located in central
Indiana.
In this study the amount of bare soil in Boone County was inven-
toried using June 1973 LANDSAT data. That area classified as bare soil
was used as an estimate of the area of row crop that would be planted that
year. This figure was compared to the area of row crop grown in Boone
County in 1973 as determined by the United States Department of Agricul—
ture/Statistical Reporting Service (USDA/SR5). The LARS estimated figure
was comparable to the USDA/SR3 figure, yielding an estimate approximately
2% greater than that reported by SRS. Thus, since the majority of the
LANDSAT data were collected in June of 1972 and 1973, bare soil was used
as an indicator of row crops. Areas covered by LANDSAT data collected
later in the growing season allowed for direct classification of row crops.
Generally with all the LANDSAT data, pasture/meadow was not spectrally
separable from close grown crops. In this situation a pasture/meadow/close
grown crops category was classified. These classes were artificially
separated into the pasture/meadow and close grown crops classes. This
artificial separation of classes was performed by subtracting the area of
close grown crops (wheat, oats, and barley) as reported by the USDA/SR8
from the total area of pasture/meadow/close grown crops determined for
each respective county for the appropriate cropping year. The remaining
area was tabulated as pasture/meadow.
It was determined that orchards and vineyards were not spectrally
separable in the majority of cases because sufficient underflight refer-
ence data were not available for adequate training of the computer. Thus,
this class was deleted. The orchards and vineyards were included in those
classes most spectrally similar, i.e., forest and pasture/meadow/close
grown crops.
Forest cover was usually classified into Level II classes such as
coniferous, deciduous, and sparse forest. However, these classes were
aggregated to yield only a Level I forest class.
In the no major usage category only water and wetland were catego-
rized. Insufficient underflight reference data precluded the routine
classification of barren land.
Specific Problems
One major problem occurred in the Lake Huron basin. There were six














































































































































































































































































































































































































































































































































































































































































Some minor problems occurred in the Lake Huron basin.
Portions of
the LANDSAT data contained a few lines of poor quality data which were
generally classified as either agriculture or water.
Also, a small
number of clouds and cloud shadows was present in some of the LANDSAT
scenes.
Occasionally the cloud shadows were classified as water.
How-
ever, contribution from the poor quality data, clouds, and cloud shadows
to the total county figures is relatively small.
Also, the total percentage of water for Huron County, Michigan is
slightly higher than actual percentage because of water around the islands
being included as part of the data set.
Areas classified as clouds and cloud shadows were assumed to contain
the same distribution of land use as the other portions of each individual
county. Land use was estimated by multiplying the acreage classified as
clouds and cloud shadows by relative percentage obtained for each respec-
tive land use Class in the remainder of the county. These estimates were
then added to each respective land use class to produce the county totals.
RESULTS
Results of this project are represented in statistical tables which
list the land use categories in Table 23 for each individual county by
acreage, hectares, and percentage of county. These area statistics have
been rounded off to the nearest 4-hectare (lO-acre) unit. Additional
tables show the aggregation of these results of state, planning subarea,
and plan area totals. Some minor differences may exist in the data due to
the rounding off of figures at various points of aggregation.
In addition to the tabular statistics, individual color-coded county
maps have been prepared at an approximate scale of l:215,000. These maps
show the Level I categories listed in Table 23 and are color coded as
shown in Table 24.
Table 24
COLOR CODE FOR COUNTY MAPS
 




Blue No Major Use
Black Cloud Shadow
White Clouds
 These maps were prepared by converting the LARS digital classifica-
tion computer tapes into a format compatible with a laser digital printe
located at Mead Technology Laboratory, Dayton, Ohio.
With a digital
laser printer Mead Technology Laboratory provided color Separations of
each map.
These color separations were used to prepare the printing pla
for the county maps.
The area included in this land use inventory is defined by the Grea
Lakes Region (political) boundary (Figure 21).
However, at the request
of the U.S./Environmenta1 Protection Agency land use within Planning
Subareas 1.1 and 2.2 was also determined for the Great Lakes Basin (hydr
logic) boundary of the subareas as well as the Region boundary.
This wa
accomplished by approximating the hydrologic boundary within each county
by line and column coordinates at the *PRINTRESULTS stage and requesting
that new tabular statistics be generated utilizing only the area contain
within those boundaries.
County maps on a hydrologic boundary basis wer
not prepared.
Figure 21 also shows the relationship of the Plan Areas to the enti
Great Lakes Region. The major land uses for Lake Huron basin and the
Great Lakes Region are shown in Table 25.
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 Planning Subarea 3.1
 
Figure 23 shows the counties contained in Planning Subarea 3.1.
The
major land uses in Planning Subarea 3.1 presented by county for the Great
Lakes Region boundary are shown in Table 26.
Table 27 presents the major
land uses for Planning Subarea 3.1 (by state) for the Great Lakes Region.
The land use tabulations presented in these tables were derived by
LARS using 1974 state-of-the-art LANDSAT analyses technology.
The
areas shown may not match those in other tabulations of land use
information due to differences in procedures used, land use category
definitions, or the date of inventory.
The county boundaries and the area classified may not exactly agree
since the area chosen as the county in the LANDSAT data could only be
approximated. The approximated county boundaries were located using
visible features within the LANDSAT data such as streams, lakes, cities,
major highways, etc.
In a few predominantly rural counties, insufficient reference data
were available to train the computer properly to identify an urban class.
Maps of these counties do not reflect an Urban (red) category but contain
only the following categories: Agriculture (yellow), Forestry (green)
No Major Use (blue), and perhaps Clouds (white) and Cloud Shadow (black).
This land use inventory was prepared using spectral data; placement
of separable spectral classes into informational classes sometimes resulted
in the combination of urban and rural features into a single category. As
a result some maps reflect large amounts of the Urban (red) category
scattered throughout the county.
These areas represent data points which
have similar reflectance characteristics and are spectrally inseparable.
They generally include urban areas, light colored and sandy soils without
surface cover, and farmsteads.
This must be considered when using the
Land Use tables as the area estimated for the urban category may be high.
72
 COLOR COUNTY LAND USE MAPS
 
County maps for Planning Subarea 3.1 are not included in this volume
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In a few predominantly rural counties, insufficient reference data
were available to train the computer properly to identify an urban class
Maps of these counties do not reflect an Urban (red) category but contaﬂ
only the following categories: Agriculture (yellow), Forestry (green),
No Major Use (blue), and perhaps Clouds (white) and Cloud Shadow (black)
This land use inventory wasprepared using spectral data; placement
of separable spectral classes into informational classes sometimes
resulted in the combination of urban and rural features into a single
category. As a result some maps reflect large amounts of the Urban (red
points which have similar reflectance characteristics and are spectrally
inseparable. They generally include urban areas, light colored and sand
soils with surface cover, and farmsteads. This must be considered when
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 COLOR COUNTY LAND USE MAPS
 
County maps for Planning Subarea 3.2 are not included in this volume
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Camry Acres Acres Acres Hectuea 7. Acres Acres Acres Acres Hectares 7. Acres Hectares 7. Acres Acres Acres Hectares 7.





35400 14330 12.3 111630 15650 86520I 213800 86550 74.1 28570 11560 9.9 10870
I
18830 7620 5.1 6890 3300 90880 101060 40910 27.4 241680 97840 65.4 3470 3970 7710 3120 2.1
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Glnduin 24580 24580 9950 7.5 32450 3600 110870I 146920 59480 44.8 142700 57770 43.5 13490






25610 10360 4.9 242170 68400 125680; 436250 176610 82.7 55930 22640 10.6 3010 6570
13490 5460 4.1
Gretiot 32620 5670 2290 1.6
Enron 25610 9580 3870 1.8
aneer 36010 11890 47960 19390 11.3 104380 20070 154690. 279140 113010 65.9 93170 37720 22.0 3470 3470 1400 0.8
Midland 24430 24430 9890 7.3 55910 6550 508203 113280 45860 33.8 181830 73610 54.3 15170 15170 6140 4.5
I
35600 14410 6.8 200000 33610 137800I 371410 150360 71.3 104710 42390 20.1 9240
42390 17160 8.1 163590 54900 101290} 319780 129460 60.9 156660 63420 29.9 5970 I 5970 2410 1.1































ITotal I361650 146410 8.1 A2210470 1097350 60.8 1298460 525690 29.1 90880 36790 2.0
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U. S. Department of Agriculture, Statistical Reporting Service/Purdue
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These eight categories cover the more significant nonpoint sources
of pollution affecting the water quality of the Great Lakes.
Disposal Operations
Four disposal operations have beenidentified in this section. They
are liquid waste, solid waste, dredge spoil, and deep-well disposal.
Liquid waste disposal is defined here to be the application of waste—
waters on land.
Contamination of nearshore lake waters from solid waste disposal
sites will result from indirect processes. The carriers of contamination
will be water or air. Additional problems can result from open pumps
from odor, flies, and rodents. Dredging is defined as the process of
removing bottom materials from underwater and their subsequent disposal.
Dredge spoil disposal sites in nearshore areas are presently under~
going changes in disposal methods to attempt to limit the impact of
dredge spoil on adjacent waters.
This lake basin has a large number of deep—well sites. Several
ground water and surface water contamination problems resulting from
deep—well diSposal have occurred throughout the past few years, due to
the presence of many unplotted and abandoned wells and testholes that
have been drilled into formations containing salty water, and due to the
highly corrosive nature of some of the wastes that are injected.
The Lake Huron basin contains a total of 113 liquid waste disposal .
operations. Sixty—five percent are located in the more populous industrial-
ized southern section of this basin. Pollution problems associated with
existing municipal and industrial land treatment systems have beendiffi-
cult to determine since few have been rigidly monitored. The State of
Michigan has moved into this area however, and there is now an elaborate


















Land disposal of liquid waste has been used for some time as an
alternative method of depositing municipal and industrial effluents.
This is accomplished by using soils to filter the wastewaters and sludges
applied to it.
Table 30
LIQUID WASTE DISPOSAL 1973(1)
A
Type of Discharge
No. of Spray Septic Tank Surface of












































































































































































































































































































































































































































































































































































































































































































































































































































































































































































in establishing efficient landfill sites.
The Lake
Huron shoreline is generally impermeable and acts as a natural barrier
to the direct inflow of contaminated ground water from solid waste
disposal
sites.
The climate of the basin is also of importance, as
rainfall provides water for percolation into landfills and subsequent
surface runoff or infiltration into the ground water regime. Due to the
amount of precipitation, leachate production is very likely. Leachates
are produced by water infiltrating and percolating through the landfill
and into the ground water supplies; or produced from saturation by high
ground water tables that come into contact with the buried refuse. The
types of pollutants that may arise are directly related to the type of
refuse present and the manner of disposal. However, leachates are usually
characterized as being high in biochemical oxygen demand (BOD), dissolved
chemicals (iron, chloride, sodium), hardness, acids, and nitrates (organic
decomposition).
The future outlook of solid waste disposal by sanitary land-
fills shows an increase in its usage for at least the near future. This
increase is partially due to the low costs and simple operation of land—
fills. Other acceptable methods of solid waste disposal (i.e., incinera—
tion, composting, shredding) have beenused to a lesser extent primarily
because of economic factors.
Data concerning the physical location of solid waste disposal
sites is difficult to obtain. In addition, evaluation of the impact of
landfills on water quality requires knowledge of the proximity of the
fills to surface and ground water, the nature and amount of fill material,
and the operational procedures.
Table 31
SOLID WASTE DISPOSAL SITES,1973(2)
  
Sanitary Modified or Other, or
Total Landfills Qpen Dumps Unidentified
Lake Huron Basin 266 22 83 161
PSA 3.1 104 6 54 44
PSA 3.2 162 16 29 117
Dredging and Artificial Fill Areas
Dredging is the process of excavating bottom material from
underwater and disposing of it in suitable areas to assure that harbors
will have sufficient width and depth for commercial and recreational
boating. This removal includes the soft sediments and/or the hard






















basin, some of the sediment that is removed by dredging activities has
been polluted by municipal, industrial, and agricultural activities.
Potential pollutants that are common to the affected sediments include
nitrates, phOSphates, organic matter, pH, alkalinity, chlorides, iron,

































































































































Federal legislation concerned with polluted dredge spoil was
enacted in 1970 (P.L. 91-611) Section 123 specifically deals with
requirements for confined disposal areas and restrictions on open lake
disposal of polluted dredge spoil. However, much of the dredge spoil
material excavated in the Lake Huron basin continues to be disposed of in
open lake areas.
Table 32
AVERAGE ANNUAL VOLUME OF DREDGE SPOIL DISPOSAL
(1961-1970)
(3)
Annual Average Polluted Sediments
 
Total Number Dredging Requirinngonfinement
Lake Huron



















Of the 11 harbors and channels on Lake Huron which are dredged
periodically, 8 were classified as polluted or partially polluted. On a
volumetric basis, this amounts to 234,172 cubic meters (306,308 cubic
yards) of sediment that should be confined to diked disposal areas, or
more than one—half of the total dredging.
In this report, artificial fill areas include man-made landfills
formed by dredging or other means for additional land development, or the
process of replenishing beaches by the depositing of dredged materials.
There are no artificial fill areas, as defined in the Shore Use and
Erosion Appendix of the Great Lakes Basin Framework Study,
along the Lake


































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































    
  
its major effect on surface waters is by increaSing nearshore turbidity
and smothering of benthic biota.
Riverbank erosion,
on the other hand,
contributes sizable amounts of nutrient and pesticide materials
from
surrounding lands captured in the sediment.
Lakeshore Erosion
Three primary factors control the amount of erosion on Lake
Huron's shorelines.
The first is the physical nature of the shoreline.
The Saginaw Bay areas is characterized by wetlands and much of the
northern portion of the lakeshore is erodible low plain.
Sedimentation
damages are most significant in areas where shore materials are clays,
heavier textured soils and organic soils.
Increased potential of ice
push along flat shorelines occurs, especially during the spring ice break-
up.
The wetlands of the Saginaw Bay area are particularly vulnerable to
both of these problems.
Figure 42 displays graphically the physical








































































To Convert From $2_ yultiply_§z '
Miles (mi) Kilometers (km) 1.609
A second
factor contributing












the higher the lake level and the more frequent and intense the
storms,
the greater the erosive force, and
therefore erosion and lakeshore
recession will occur more rapidly.
Currently, the Great Lakes are experiencing another period of
high lake levels and consequently


















The third controlling factor is the variety,
concentration,
and location of shoreline land use. Outside of Lake Superior, Lake Huron
is the least developed of all the Great Lakes.
The southern portion of
Lake Huron is more developed than the northern, but commercial and indus—
trial development accounts for only 2% of the total shoreland use.
A great deal of research and analysis has been directed towards
shoreland erosion.
However, much of this data is based on economic para-
meters.
Very little research has been conducted on measuring volumetric
erosion rates. Volumetric measurements are necessary to assess the impact
of shoreline erosion on water quality.
Figure 43
DISTRIBUTION OF LAKE HURON AND ST. MARYS RULER
SHORE TYPES (4)
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The nonerodible coastline of Lake Huron encompasses 19 percent,
or 170 kilometers (105 miles) of the total shoreland area. If sand dunes
are included in the erodible categories, 81 percent of Lake Huron's shore-
line is comprised of erodible materials. Out of the 909 kilometers (565
miles) of shoreline, 740 kilometers (460 miles) are subject to some forms


















moderate erosion account for 261 kilometers (162 miles) or 35 percent of
the erodible zones on the Lake Huron shore. Of the St. Marys River shore,
only 4% is not composed of erodible materials.
Table 35
LAKE HURON SHORELINE EROSION(4)
Shoreline
Percent
Kilometers Miles of Total

























1] Does not include St. Mary's River Shoreline
According to the economic loss criteria, of the existing 909
kilometers




is not subject to flooding or serious
erosion,
while the remaining 42 percent is subject to certain forms of flooding or
erosion.
Two percent is subject to critical erosion, while shorelines
subject to flooding account for 13 percent, or 121 kilometers
(75 miles)









state the amount of geological erosion and sedimentation occurring in
areas which may not


































































































































































































accelerate this natural process.
106
   
In addition to the obvious loss of land and natural resources,
agricultural and urban improvements on this land also result in additional
sedimentation, nutrients, and other contaminants entering the waters.
The effects on water quality from riverbank erosion are parti—
cularly noticeable in newly developing urban areas. Urban development
may lead to increasing runoff due to the decline in permeable surfaces
which can absorb storm waters. Increased runoff canlead to greater bank
cutting and sloughing. The resulting sediment loads from eroding river—
banks in urban environments can become a major source of sediment in water.
Table36
TOTAL LENGTH OF RIVERBANK EROSION(7)
  
PSA 3.1 PSA 3.2 Lake Huron Total
Kilometers Miles Kilometers Miles Kilometers Miles
Moderate 664 413 1078 670 1742 1083
Severe 368 229 638 297 1007 626
TOTAL 1032 642 1716 1067 2749 1709
An average of 9.5 metric tons of sediment per square kilometer
(27 tons per square mile) for the entire Great Lakes Basin was found.
The erosion is summarized in bank lengths (a length of streambank erosion
would be erosion on only one side of a stream channel). Streambank erosion
in the Lake Huron basin is widespread with 2,749 kilometers (1,709 miles)
of streambank subject to some form of erosion. The erosion is classified
as moderate or severe in damages, with severe damages indicating those
areas where further study is warranted to determine if some form of stream-
bank erosion protection is justified.
Intensive Livestock Qperations
 
In recent years attention has been given to the water quality problems
caused by agricultural wastes due to changes in agricultural production
practices. For economical reasons, livestock production has become
increasingly concentrated in larger operations, increasing the confinement
of the numbers of animals per livestock operation. The potential contami-
nants from animal feedlots include organics and inorganics, nutrients,
bacteria, solids, and soluble materials. Of greatest concern are nitrates
and phosphates, bacterial contamination, and high BOD rates.
The following definition of an intensive livestock operationwas
established for this study: "A facility capable of holding animals on
land not used for growing of crops or vegetation." The numbers of animals
used for this definition were 100 or more head of cattle (available data
did not allow for identification of beef and dairy), 200 or more swine,
10,000 or more poultry. These standards were developed by Dr. R. C. Loehr
for intensive livestock operations based upon what was felt to be appropri—
ate size that would be a large single enterprise operation, operating at a
respectable profit.(5a)
107

















































































































































































































































































































 Recreational Land Use
 
Many pleasing aspects of the resource base contribute to recreational
land use in the Lake Huron basin.
In addition, population pressures in the
southern portion of the basin, and from the Detroit metropolitan area,
have encouraged the development of the recreational resources.
The forested
northern portion encompassing Planning Subarea 3.1 is suited for camping,
hunting, hiking, horseback riding, and other activities especially suited
to a natural environment.
from accelerated erosion and waste disposal in such natural areas.
Water pollution problems will arise primarily
River
and lakes in Planning Subarea 3.1 are more suited for boating and other
recreational uses than those in the southern portion.
In contrast, the
Lake Huron shoreline in the north is not as developed as those of Planning
Subareas 3.2.
suitable for waterfowl hunting.
Planning Subarea 3.2, Bay—use facilities are common.
The shoreline of Lake Huron in Saginaw Bay is marshy and
Because of the urban population in
Playfields and golf
courses may have increased nutrient runoff, while litter and erosion may
be a problem at urban recreation facilities.
Due to the dispersed nature
of such popular activities as canoeing, horseback riding, hiking and wilder-
ness camping, accurate participation rates are difficult to collect. This
is also true of urban parks and playfields where again, dispersed sites
and multiple entry points make data collection difficult.
Table 39
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At the present time, there are 41 liquid waste disposal operations
in Planning Subarea 3.1. Nearly fifty percent of these are classified by the
State of Michigan as lagoon type. Low permeability of soils in the area
could limitabsorption and lead to ice freeze—ups of liquid wastes, particu—





LIQUID WASTE DISPOSAL 1973( )
me of Discharge
No. of Spray Septic Ink Surface of




Alpena 6 — 6 3 - 3 -
Arenac 4 - a 2 - 2 _
Cheboygan 5 1 4 4 - - 1
Crawford 1 1 - - - - 1
Iosco 7 2 5 2 - 4 1
Hontmorency 2 - 2 2 - - -
Ogemaw 3 - 3 2 - 1 -
Oscoda 4 - 6 2 - 1 1
Otsego 6 1 5 1 - 2 3
Preaque Isle 3 - 3 — - 2 1
TOTAL 61 5 36 18 - 15 8
Solid Waste Disposal
In Planning Subarea 3.1 there are approximately 104 solid waste
disposal sites composed of sanitary landfills, modified landfills, and open
dumps.(2) Detailed information was not always available concerning the type
of solid waste disposal. The largest number of solid waste disposal sites
were located in Cheboygan County, with 2 sanitary, 15 modified landfills, and
1 open dump.
Table 41
SOLID WASTE DISPOSAL SITES BY COUNTY 1973(2)
Sanitary lbdified Open Construction Acreage Population
Total Landfill _La3d£ill a Debris m1 Served
  
PSA 3 . 1
E21222
Alanna 10 1 7 - - - -
Alpena 6 - - - - - -
Arenac 8 - 6 2 - - -
Cheboygan 18 2 15 1 - - -
Crawford 13 2 3 - - - -











Ogemv 15 1 110 - - - -
Oscoda l. - - — .. - -
Otsego lo - - - - - -
Preeque Iale 10 - - - - - -
MAL 106 6 5‘ 3 - - -
llO
 
 Dredge Spoil Disposal
On an average annual basis, 7 harbors or channels are dredged in
the northern portion of Lake Huron comprising PSA 3.1. This includes sites
at Les Cheneaux and on the St. Marys River which are not in the counties
comprising PSA 3.1, but are on the St. Marys — Lake Huron complex. Four
of these sites have been classified as polluted or partially polluted.
Around 11 percent of the dredged material in this planning subarea requires
confinement in diked disposal areas.
Table 42




Number of Annual Average Polluted Sediments
Sites Dredging Requiring Confinement
Cubic Meters Cubic Yards Cubic Meters Cubic Yards
PSA 3.1
Michigan
Alcona l 459 600 459 600
Alpena 1 7,468 9,768 6,721 8,791
Arenac
Cheboygan 2 7,043 9,213 34 45
Crawford









River 1 93,202 121,912
Les Cheneaux 1 7,854 10,273 7,854 10,273
Total 7 131,908 172,541 15,068 19,709
Deep-Well Disposal
Only one deep-well disposal site exists in Planning Subarea 3.1.
This is partially a result of the area's slower industrial development in
comparison with Planning Subarea 3.2. There may be some unplotted and
abandoned wells and test holes drilled into formations containing saline
water. These wells were drilled in the latter part of the 19th century in
search of brines for lumber mills.
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OlSPOSAl OPERATIONS - PSA
L E G E I O:
+SOlIO WASTE DISPOSAL [1913)
I LIOIIIO WASTE DISPOSAL “$731
3* OIEOOE SPOIL OISPOSAI. {1912]
A OEEPIELL OISPOSAL [1373)
SCALE IN MILES











































The shore types of Lake Huron are important in a consideration of
erosion in Planning Subarea 3.1. Table 44, indicates the approximate mileage
of the various types.
Table 44
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to be undergoing severe erosion.
 
Table 47






































































































































































































































































































































































































































To Convert iron 32 haltiglz 31
Pounds (1b) Kilogram: (kg) 0.454
































































































































































































Extensive forested lands, varied topography, streams, rivers, lakes,
and the last remnants of an unspoiled Lake Huron shoreline combine to make
Planning Subarea 3.1 desirable for recreational use. Much land is publicly
held, either in the twelve state parks, or in extensive state and national
forest lands. Urban development is not significant, and what little does
exist is primarily related to recreation.
Recreational activities in the subarea are primarily of the less
intensive sort; with the vast forest lands being available for fishing,
hunting, and more primitive camping. Erosion or sewage disposal problems
may be more difficult to control than in a highly developed, closely
watched site. However, due to the low intensityof use, the total impact
will not be as great overall as in the higher density sites. The wilder-
ness qualities of the Au Sable River have made it popular for canoeing,
and the Michigan shore—to—shore riding and hiking trail, traversing Iosco,
Alcona, Oscoda and Crawford Counties, also make use of these relatively
undeveloped lands. Water quality influences from these activities would
occur primarily at canoe access and portages, with the possibility of ac:
celerated erosion in unstable areas and along the riding trail, with
animal wastes and accelerated erosion.
The state parks and recreation areas provide more developed facilities
with campgrounds, picnic areas, swimming, beaches, parking lots, boating,
fishing and playgrounds. Private development includes numerous ski resorts,



















more harbors in this subarea than in Planning Subarea 3.2; however, the
total moorage capacity is less. Localized pollution may occur near these
harbors, but due to the relatively smaller size of the harbors, this may
not be as great a problem as in other subareas. Both a threat to water
access, and impact on water quality, have occurred on some lakes where
seasonal homes and private resorts clog the shores. Recreational facilities
accompanying these areas will have a high amount of use, leading to acceler—






In Planning Subarea 3.2 there are 72 liquid waste disposal opera—
tions. The majority of these are classified by theState of Michigan as
being of the lagoon type. 1) Low permeability of soils in much of the area
points to the necessity of monitoring these disposal operations.
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identified sanitary landfills in the subarea.
Solid Waste Disposal
In Planning Subarea 3.2 there are 162 solid waste disposal sites,
comprised primarily of sanitary and modified landfills, with one open dump
in Isabela County and one disposal site for construction debris in Clare
Saginaw, Midland and Lapeer Counties contain the majority of the
Sanitary landfills are more
popular here than in the northern portion of the Lake Huron basin because
of the more urbanized setting.








Sanitary Modified Open Construction Population
Total Landfill Landfill Dump Acreager Served
B§§L3.2
Mi higan
Bay 12 l - - -
Clare l4 1 6 - -
Genesee 15 - 15 - -
Gladwin l7 - — — -
Gratiot 6 - — - -
Huron 20 - - - -
Isabella 9 - - - -
Lapeer 5 5 - - -
Midland l3 5 8 - -
Saginaw 28 4 — - -
Tuscola 23 - - - -












   
Dredge Spoil Disposal
 
Planning Subarea 3.2 has 4 locations that are dredged on an
average annual basis.‘ These sites total 261,567 cubic meters (342,142
cubis yards) of dredge, of which 84 percent contains polluted sediments
requiring confinement.
Table 52
AVERAGE ANNUAL VOLUME OF DREDGE SPOIL DISPOSAL(3)
(1961—1970)
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Deep-well disposal sites are numerous
in Planning Subarea 3.2, due
primarily to the presence of Dow Chemical Company in Midland County.
The
























   

























   
  
FIGURE 48
DISPOSAL OPERATIONS - PSA
I. E G E I B:
+SlIllll WASTE DISPOSAL [1973]
ILIIIIIID VAST! DISPOSAL ["13]
it IIIEIIGE SPUIL IIISPIISAL [1872]
A DEEPIELL IIISPOSAI. [1973]
SCALE IN MILES
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The shore types of Lake Huron in Planning Subarea 3.2 are importan
in a consideration of the amount of erosion that will occur.
Table
indicates the miles of the various shore types.
Table 54
SHORE TYPES — PLANNING SUBAREA 3.2, 1970(4)
Miles
Artificial Fill Area A O
Erodible High Bluff HBe 35
Non—Erodible High Bluff HBn 0
Erodible Low Bluff LBe 20
Non-Erodible Low Bluff LBn 35
High Sand Dune HD 0
Low Sand Dune LD 18
Erodible Low Plain Fe 20
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In Planning Subarea 3.2, there are 328.2 kilometers (204.0 miles)
of Lake Huron shoreland. Economic erosion loss has encompassed 45 percent
of this area, or 147.5 kilometers (91.7 miles), which is subject to either
critical or noncritical erosion. Thirty—three percent of the area is
subject to flooding, while only 22 percent of the shoreline is not subject
to flooding or erosion.
 
Table 55
SHORELINE EROSION FOR PLANNING SUBAREA 3.2, 1970(4)
Kilometers Miles
1. Existing miles of shoreline 328.2 204.0
2 Length and location of critical erosion
areas
A. Sanilac Co., Michigan 0.3 0.2
3. Shoreline subject to noncritical erosion 147.2 91.5
4. Protected shoreline 0 0
5. Shoreline subject to flooding 108.9 67.7
6. Shoreline not subject to flooding or erosion 71.8 44.6
These figures differ from the 1973 survey of shoreline erosion
conducted by the Michigan Water Development Services. This detailed study
showed that Planning Subarea 3.2 had 79.8 kilometers (49.6 miles) of high
risk erosion areas. In addition, shore erosion in Sanilac County adds
42.0 kilometers (26.1 miles) of high risk erosion area to the Lake Huron
shoreline. These figures include both developed and undeveloped shore area
The economic loss estimates include only the developed portions of the
shoreline, which gives an incomplete accounting of the erosion takine place
Table 56
1973 HIGH RISK EROSION MILEAGE(6)
Developed Areas Undeveloped Areas Total
PSA 3.2 gm Mi gm Mi Km Mi
Michigan .—. __—




























Almost seven percent of the total 25,840 kilometers (16,060 miles)
of riverbanks in Planning Subarea 3.2 are subject to some form of erosion.
Sixty—three percent, or 1,080 kilometers (670 miles) is subject to moderate
erosion, while the remaining 37 percent is subject to severe erosion.
Table 57




Under 400 Sq Miles Over 400 Sq Miles Combined
PSA 3.2
Moderate 368 45 413
Severe 224 5 229
TOTAL 592 50 642
To Convert From To Multiply By
Square Miles (sq mi)
Intensive Livestock Operations
There are approximately 683 livestock operations in Planning Subarea 3.2,
based on the 1969 Census of Agriculture.
Square Kilometers (sq km)
2.59
The majority of these are the
545 intensive cattle feedlots, with a total of 106,628 head.
In converting
the number of animals into pounds of waste per day, 53
poultry produces
153,029 kilograms (337,069 wet pounds) per day, cattle 2,420,455 kilograms
pounds) per day from these intensive animal feedlots.




INTENSIVE LIVESTOCK OPERATIONS BY COUNTY 1969
Estimated Livestock Total Estimated Animal Waste
Poultry Cattle Suin-
No. No. no. Wet Lbs/Day





































































































































































































To Convert From 32 521:1212 81










    
SAGINAW BAY
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High Density, Nonsewered Residential Areas
Of the total housing stock in Planning Subarea 3.2, 43 percent of
147,932 residential units were classified as nonsewered in the 1970 Census
of Housing. A total of 10 percent (34,635 units) of the nonsewered units
were located in urban areas. Rural nonfarming households without sewers
totaled 113,297 units, or 33 percent of the total housing units.
Table 59
HIGH DENSITY, NONSEWERED RESIDENTIAL AREAS BY COUNTY 1970(9)
  
NONS!!§!!Q Eggggggggs
Urban Rural Ion-Yarn Calbinod
Percent Percent Percent
Total 0f Total 0f Total of Total
Housing Housing Housing Housing


























































































































River valleys and forested areas in the northern portion and glacial
moraines in the southern portion of Planning Subarea 3.2 receive heavy
recreational use. Natural lakes are largely absent, and most rivers, with
the exception of the Saginaw, are too small for large scale recreational
development. Lake Huron is an important recreational resource due to this
lack of inland water; however, its use is constrained by the severe and
unsheltered coast line. Saginaw Bay has large areas of marshes, important
as wildlife habitat.
The orientation in this subarea is on day-use activities. Waterfowl
hunting is popular in the state game and wildlife areas in the Saginaw Bay.
An important source of pollution from this activity is from the lead shot
used in scatter shot. High rates of shooting and concentrated use of an
area can result in serious lead poisoning to the waterfowl. Lake Huron is
particularly important for recreational boating, due to the lack of inland
lakes or large rivers. Pollution problems associated with boating are
generally more dispersed in the Great Lakes than in the inland lakes due
to the large volume of water, but localized problems at harbors can occur.
There are fewer harbors in Planning Subarea 3.2 than in 3.1; however, a
greater number of boats can be moored, creating a greater concentration.
129
 
    
Winter sports are dispersed throughout the region, with ice fishing popula
on the inland lakes.
This can be a problem for water quality because of
sewage from "ice houses."
The urbanized areas provide more than twice as
many golf courses as in Planning Subarea 3.1 and many moreplaygrounds and
city parks.
Day and weekend use of facilities are important in much of
the area, due to the proximity to urban areas; and private and public
camp grounds are not as numerous as in Planning Subarea 3.1.
Such day
facilities will receive more intensive usage than the less intensively
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Appendix 21,"Outdoor Recreation? 1975
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The Lake Huron basin is comprised of 22 counties in the eastern half of
the Lower Peninsula of Michigan. The counties have a total land area of
3,292,166 hectares (8,134,832 acres). Over one—third of this acreage is in
cropland and pasture. Most of the cropland is found in the southern portion
of this basin while the northern portion is suited for recreation because of
its extensive forest cover.
Agricultural Characteristics
This area includes two subareas which are very different in their
agricultural complexes. Planning Subarea 3.1 is not generally known for its
agriculture but thought of more in terms of recreation, forestry, and less
intensive farming. Planning Subarea 3.2, by contrast, is primarily known for
its agriculture, representing one of the major navy bean producing regions of
the world, with sugar beet production also very important.
Table 60 indicates the relative proportions of materials used in the
Lake Huron basinas compared to the total U.S. Great Lakes Basin.
Table 60
MATERIALS USAGE BASIN RELATIONSHIP —— LAKE HURON 3.0 T0 GREAT LAKES
  
Per harvested acre of cropland Lake Huron basin Great Lakes Basin
Lbs of chemicals applied 2.46 2.66
Index of chemicals used 92 100
Tons of livestock manure defecated 2.63 3.37
Index of manure defecated 78 100
Lbs primary nutrients in livestock manure 64' 82
Index primary nutrients in manure 78 100
Lbs commercial fertilizer applied 376 321
Percent liquid fertilizer applied 16 22
Index commercial fertilizerapplied 117 100
Lbs of primary nutrients in commercial fertilizer 184 153
Index primary nutrients in commercial fertilizer 120 100
Lbs of lime applied 34 170
Index of lime applied 20 100






























































































































































































































































































































































































that for the entire area,
herbicide use will show a substantial
increase
(perhaps 15 to 20 percent),






with high valued crops,
chemical applications, methods,
and rates will be
likely to change drastically over the next
10 years.
























as already stated, will continue to be of prime importance
in most of these counties.



























Chicken numbers have been decreasing about 1 percent a year.
Swine numbers were declining but are now holding their own.
Livestock manure




It was calculated that 4,081,350 metric
tons
(4,498,921 tons) of wet
manure were produced annually in the Lake Huron basin.
Most of this was produced
by cattle (83 percent).
Commercial Fertilizers
A total of 284,182 metric tons (313,257 tons) of commercial
fertilizers were applied to crops in the Lake Huron basin in 1972.
Nitrogen
accounted for 33 percent, phosphorus 32 percent, and potash 35 percent of
the primary nutrient content.
Fertilizer usage, already relatively high, will continue to
increase in use more in the southern counties and less for those in the
north.
The overall area tonnage will likely increase somewhat less than the
25 percent increase projected for PSA 3.2.
Lime
Lime usage, relatively unimportant in both subareas, will probably
continue to be applied at about current levels. In 1972 there were 25,290
metric tons (28,571 tons) of limestone used in the Lake Huron basin. Lime
is important in terms of its water quality impacts due to its effects on
the pH level of water and subsequent effects on water's acid — base
relationships.
The possibilities of precipitating phosphorous in the water
and alterting calcium content are also likely.
Salts
Because of severe climatic conditions during winter and the resultant
heavy snowfalls, road de—icing salts are required to keep major roadways open.
It is estimated that 96,347 metric tons (106,203 tons) were applied to
highways in the Lake Huron basin in the 1972—73 winter. The primary impact
upon ground and surface waters resulting from road de—icing salts comes from
chloride discharges, which_can over time affect the salinity




























































Lake Huron 3.0 STATE: Highjgan


































































Number of farms 1 70
Acres in farms 31741. 6


























































































































































Vet Manure Factor: Tone










We: Manure Defecated: Tons, 1972 Combined:























































crash, tons Salts: Applied on all highways, tons: Table 9 19:30)




































Acres (acre) Hectarc (ha) .160“?
























































































































































































































































































































































































































































































































































































    
Table 63
MATERIALS USAGE BASIN RELATIONSHIP F“ PLANNING SUBAREA 3.1 T0 GREAT LA









































Lbs of chemicals applied 2.02 2.66
Index of chemicals used 76 100
Tons of livestock manure defecated 4.72 3.37
Index of manure defecated 140 100
Lbs primary nutrients in livestock manure 114 82
Index of primary nutrients in manure 139 100
Lbs commercial fertilizer applied 213 321
.H Percent liquid fertilizer applied 16 22
g Index commercial fertilizer applied 66 100
3 Lbs primary nutrients in commercial fertilizer 103 153
g Index primary nutrients in commercial fertilizer 67 100
Lbs of lime applied 64 170
*8 Index of lime used 38 100
Per acre of total land area
Lbs road salts used 18.68 41.74
L Index road salts used 45 100
To Convert From Ig_ Multiply By
Pounds (lb) Kilograms (kg) 0.454
Tons (ton) Kilograms (kg) 907.2
Metric Tons 0.907
Materials Usage





This subarea in comparison with the total Basin applied less chemi1
per acre of harvested cropland. Chemical use will most likely increase
modestly in the next ten years — perhaps 10—15 percent. In 1972 there were
179,000 kilograms (394,820 lbs) of agricultural chemicals used. Most of thi
was in the form of herbicides (55 percent). Insecticides accounted for 29
percent and fungicides 16 percent.
Animal Wastes
Livestock production, and in turn manure production, may stay ab0u1





















































































































produces 85 percent of the manure.
Horse numbers, which have been increasing
very rapidly, will probably continue to increase but at a slower rate. Live-
stock intensity, as measured by the manure index, is 40 percent higher than
the total Basin.
Had total cropland acres been used to compute this index,
livestock intensity would have been about 10 per cent higher.
Commercial Fertilizers
This subarea in comparison with the total Basin applied one—third less
commercial fertilizer per acre of harvested cropland. Fertilizer use in 1972
showed that 18,855 metric tons (20,784 tons) were used. Primary nutrients
comprised 49 percent of the total fertilizer amount. Nitrogen
accounted for 33 percent, phosphorus 32 percent, and potash 35 percent of the
primary nutrients.
Lime
There were 5,698 metric tons (6,281 tons) of lime purchased or
applied in Planning Subarea 3.1 in 1972. There is little to suggest that lime
usage will change much from present levels.
139
  






















































































































    
  
  



























































































































































   









TABLE 2-—HANURE FROM SWINE
   
  
   
 
 



































































































































































































































































   



















































































































































































































































































Major highways passing through this subarea link southeast and
eastern Michigan with the Upper Peninsula. Road de—icing use is rather high
and will likely continue so. In 1972 there were 31,111 metric tons
(34,294 tons) of salts applied in highways in this planning subarea.
PLANNING SUBAREA 3.2
 
Eleven Michigan counties comprise this planning subarea in the south—
eastern portion of the state. Total land area equals 1,805,926 hectares
(4,462,384 acres), with lands in farms equaling 1,022,747 hectares
(2,527,175 acres) or 56 percent of the total land area.
Agricultural Characteristics
This subarea is one of the most fertile and most productive agricultural
regions in Michigan. It is commonly known as the "Saginaw Valley”. Looking
at ones right hand with palm up, it is the region in Michigan extending
from the tip of the thumb down and around and then up to abOut the base of the
fourth finger. Four of the eleven counties border on Saginaw Bay (Lake Huron)
and all drain into the Bay.
Table 66 indicates the relative proportions of materials usage in the
planning subarea as compared to the total U.S. Great Lakes Basin.
Table 66
MATERIALS USAGE BASIN RELATIONSHIP -— PSA 3.2 T0 GREAT LAKES
Per harvested acre of cropland Planning Subarea 3.2 Great Lakes Basin
Lbs of chemicals applied 2.52 2.66
Index of chemicals applied 95 100
Tons of livestock manure defecated 2.35 3.37
Index of manure defecated 70 100
Lbs of primary nutrients in livestock manure 57 82
Index of primary nutrients in manure 70 100
Lbs commercial fertilizer applied 398 321
Percent liquid fertilizer applied 16 22
Index commercial fertilizer applied 124 100
Lbs primary nutrients in commercial fertilizer 195 153
Index primary nutrients in commercial fertilizer 127 100
Lbs of lime applied 30 170
Index of lime used 18 100
Per acre of total land area
Lbs road salts used 32.23 41-74
Index road salts used 77 100
To Convert From IQ ‘ MUIti 1 B
Pounds (1b) Kilograms (kg) 0-454





































































































































































































































































































































































































































































































































































































































































































































































































































































































Tre Led 100 bs
Crop Group
Bog 5 P15
Inventory Dec. l—Hay 31 June l-Nov. 30
a
Vet Manure Factor: Tons per litter farrowed
He: Hmure Defeated: Tons, 1972




, Hanures. Fertilizers, Lime and Highway De—Icing Compounds
  
Lake Y’H in ‘.’)__._____ _ STATE: 35.6h5”§!l _____
cuntral 1 2 __» COUNTY: 1.1 Surargggjyl "focal;
TABLE CROP ACREAGES s PERTIL_I_Z.l-Z_uS_E_D_—-CLASS I—V _c_E;<_sus “$32,339
   
   




     
   
  
(l) u=w_2339 H ‘
05,507
1.6972?
(DUNTY, land area, acres
Number of farms___
Acres in farms
Cropland in farm 1992M”
Harvested cropland in farms 1'46;
Number I—\' farms










      
Harvested cropland
I—V farms 133 7
ofF


















    
TABLE 8--GROU'ND LIMESTONE EQUIVALENT
         
Phosphorus, tons APPLIED




























Number Cattle and Calves T 31 Tonnages for Other Recent Years
Cows s Heifers Heifers, Steers, Primary Nun'ients I -
Year Total Calved Bullsl Calves “Ft” 1 r I ] ] _
1w. 361220 137293 223925
1 am 200298 10:29? 16*?015’
1m 317Loo moo 203900














"El mum Dafecated: Tons Purchased Tons lied Per
Tana, x972 3503215 1309350 m s:
We: Manure Defeated: Tons, 1972 Combined: 2512(66
Nutrients in We: Hanure: Nitrogen, tans 15751





































(1) .County, land area, acres
 
To Hulriglx Bx includes water areas under
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CROPS, PERCENT OF ACRES TREATED WITH CHEMICALS
























(wheat.oats,harloy.ryq) I 20 1.00 Carbaryl, Malathion
Soybeans H 80 2.00 Trifluralin, Dinoseb, Fluorodifon,
» Chloramben, Linuron, Alachlor,
"Chlorbronuron
I 5 1.00 Carbqryl, Malathion
Field beans 3 95 2.50 EPTcg’Trifluraliu, Chloranben.
Fluorodifen
I s 1.00 Carbaryl, Malathion, Agigghogzhxl
Sugar Beets H 95 3.00 Pyrazon, TCA P nugdiphan.
Dalepbn. Endotzzi
I 5 1.00 Carbaryl. Parath , Endoanlfan
Bay or grass silage H 30 1.00 EPIC, MCPA, 2, 4—03, Sineziuo
I 25 1.00 Malathion, Methyoxychlor, Diazinon,
Carbaryl, Azinphoamethyl, Methyl
Parathion, Imidan
Pastured.cropland H 25 1.00 2, 4-D
I 25 1.00 Carbaryl
Potatoes H 90 3.00 Linuron, EPIC, Dinoseb
I 100 11.50 Phorate, Disyston, Carbaryl,
Malathion, Parathion, Azinphoanothyl
F 100 15.00 Difolatan, Bravo, Dinoeeb, Hancozek;
Haneb, Zinc, (activated polyethylene
thiram disulfigg)
Apples H 70 5.00 Simnzine, Paraquat, Terbacil,
Dichlobenil, 2,5—0 ‘ a
1 80 11.75 Guthion, Imidan, Zolone, Sevin,
Phosphamidon, Plictran, Unite,
Kelthane, Gardona
F 80 32.00 Benlate, Cyprex, Captan, Difolaten,
Polyramlrbikar, Haneb
Sweet cherries H 75 4.00 Simazine, Paraquat, Dichlobenil
I 81 5.00 Guthion, Sevin, Inddan. Parathion
F 81 5.00 Difolatan, Captan, Dodine, Bcnouyl,
Sulfur, Dichlone '



















" ‘ ' Imidan












































































Strawberries H 100 10.00 Diphenamid, DCPA, Chloroxuron















Blueberries H 85 5.00 Simazine, Diuron, Dichlobonil,
Paraquat








































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































It is estimated that the combined amounts of herbicides, insecti—
cides and fungicides represents approximately two—thirds, or, at the
most three quarters, of all the chemicals used directly on crops by
farmers in the 191 counties in the Great Lakes Basin. This does not
include chemicals used for livestock pesticide control, nor that used by
rural homeowners. It does not include any chemicals used by the govern—
ment or industry in agriculturally related experimental or testing work.
The following tables show the percent of crop acres treated; the
rates applied per acre, and the major chemicals used. The information
has sufficient breath of relevancy to permit use in all the counties. The
acreages of general farm crops are available by county from the reports of
the state statistical reporting services, except for pastured cropland for
which only the 1969 Census figures are available. In most instances
vegetable acreages were obtainable on a state-wide basis and not on a
countywide basis. Fruit crop production figures are also available on a
state—wide basis but not for counties. Fruit acreage figures were generally
not available.
Taking the total acres of the important vegetable crops in each
state multiplied by the chemical application rates per acre and dividing
by the total acres of vegetables in each state obtains a weighted chemical
figure per acre for all vegetables in each state. A state's 1972 to 1969
ratio times the vegetable acreage, Shown in each county in the 1969 Census,
times the composite vegetable chemical application rates for the state
provides the pounds of herbicides, insecticides and fungicides applied
respectively for vegetables in each county.
Unlike vegetable acreages the fruit acres in each county do not
experience significant fluctuations annually. It was assumed that fruit
acres per county in 1972 was the same as in 1969. A similar procedure
as used with vegetables was followed for fruits. The composite chemical
use rates determined above were applied to the county fruit acreage to
determine the total quantities of herbicides, insecticides and fungicides



































































































































































































































































































The respective tons of animal manure multiplied by the pounds 0?
each primary nutrient per ton of manure Preduced from liveStOCk’ diVIded
























for each kind of livestock.
147




















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Lime usage information was not readily available from either the 0,5,
Department of Agriculture Statistics Reports or from most of the State
Statistical Reporting Services.
The U.S. Department of Agriculture,
Agricultural Stabilization and Conservation Offices provided information











Stabilization and Conservation Office.
Both the cost—shared amounts and tons










showing the tons of road de-icing salts purchased through the Michigan
State Highway Department and used
in each of the 83 Michigan counties for
year l972—73.
It was the opinion of Michigan Highway Officials that these
sales represent 100 percent of the salts used on federal and state highways
in a county,
about
50 percent of that used on county roads and about 33
percent of that used by municipalities within a county.
Therefore, to
obtain the total amount used, the county purchases were doubled, municipal
purchases multiplied by 3.33, and these sums were then added to the state
purchases.
Highway officials believe this represents the most reasonable approach
to estimating the total tonnage applied.
With these relationships established
and the information provided by the states for each county, the total tons
applied on all highways in the counties for l972—73 was established.
This
figure is shown in each county report along with the state purchased figure
for each county.
It was possible to obtain county information for Michigan for 3 years,
1970-71, 1971—72, l972—73.
It was possible to obtain the "Tons of Salts
Applied Per 'E' miles of Highway" for each of these 3 years. An 'E' mile
of highway is equivalent
to a mile of two-lane highway.
The procedure used in Michigan to determine the total salt tons
applied per county was applied to other counties in the other Basin states,
and it is believed that the results do represent to a reasonable degree
the salts applied in the Great Lakes Basin. The index developed to show the
pounds of road salts used in a study area as compared to the U.S. Great
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The detailed study plan of February 1974 for the International Re-
ference Group on Great Lakes Pollution from Land Use Activities called
for an inventory of land use and land use practices with emphasis on
certain trends and projections to 1980, and if possible to 2020. This
section presents what is felt to be the major trends in demographic
and economic activities, land uses, specialized land uses and material
usages for the Lake Huron basin in the near future.
The general purpose of this section is to provide to the PLUARG
effort an indication as to the direction specialized ,land.uses and
materials usages may take in the forthcoming decades. The findings are
summarized in order to provide the background for determining the
magnitude of water qualityproblems likely to result from these activities
in the near future.
General
In order to provide a general frame of reference to the study,
demographic and economic activities projections based upon revised OBERS







































































































































































































































































































































































































































































































































































































































































































































The categories contained in this

















































































































































































































































































































































































































































































































































































































































































Food & kindrod products
Tortila I111 products
Apparol 8 othor fabric products
lunbor products 8 furnituro
Paper and alliod products
Printing and publllhln'
musicals and allisd products
Pomlou some
trtlnry notals
isbricatod antalo 5 ordnaneo
Inchinoxy. oacludin; oloctrical




























































































































































































































































































































































































































Wheat Bu. 68,514 11,921 619 11,302
Oats Do. 102,135 6,196 908 5,288
Rye Do. 1,624 207 43 164
Barley Do. 2,089 218 30 188
Corn for grain. Do. 349,759 19,721 673 19,048
Corn silage Ton 14,962 1,142 164 978
Soybeans Bu. 65,426 1,981 11 1,970
Dry E.D. beans th. 7,625 4,524 43 4,481
Sugar beets Ton 1,515 995 15 980
Potatoes th. 20,226 2,302 850 1,452
Fruits Ton 1,095 14 7 7
Comm. vegetables th. 46,363 2,290 73 2,217
Alfalfa hay* Ton 8,991 770 202 568
Clover & Timothy
hay* Ton 3,070 97 29 68
Cropland pasture* Ton 699
Improved pasture* Ton
Improvable pasture* Ton
N. Improv. pasture* Ton
*Alfalfa hay equivalents (tons).
To Conver From To Multiglz 32
Tons (ton) Metric Ton 0.907
Hundredweight (cwt) Kilograms (kg) 202-5

























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































In terms of crops grown, the major harvested acreage is used for
dried edible beans, alfalfa hay, grain corn, and wheat.
edible beans in the Great Lakes Basin.
Huron basin generally supplied under 10 percent of the total Great Lakes
acreage.
This lake basin
supplies about two—thirds of the total crop acreage devoted to dry
With the other crops, the Lake
Land use figures in this section are taken from the Great Lakes
Basin Framework Study, Appendix 13 "Land Use and Management", to be
 

































































































































































































































































































































































































































































































































Any specific set of economic, demographic,
and land use projections
is subject to considerable conjecture.
Therefore,





















































































slowly in the Series E projections than in the Series C projections.
(4)
Income data for 1970 and 1971 and total employment data for
1970 were included in the Series E projections.
This additional information
was not available for the Series C information,
and has caused
some
changes in certain area projections.
(5)
On the basis of the President's 1974 budget message to Congress,
a smaller military establishment has been assumed.
The differences in population growth between the Series C projections
and Series E projections lies mainly in the total fertility rates per
1,000 women assumed to be attained by the year 2005.
For Series C the
total fertility rates per 1,000 women is assumed to be 2,800 by the year
2005 and for the Series E projections the assumed fertility rates per
1,000 women are 2,100 for the year 2004.
The Series E projections move
more quickly towards a near zero population growth level.
Due to the present
character of the age structure of the population, a near zero growth is
not reached until the middle of the 21st Century.
While neither population
trend is an accurate picture of the eventual growth rate in the Lake Huron
region by the year 2020, the probable growth rate will likely fall some-
where in between these ranges.
Demographic Trends
Population projections for the Lake Huron basin range from a
low of 1,390,900 persons to 1,456,900 persons by 1980, based on the Series
C and Series E projections respectively.
By 2020 the population level will
grow between 1.5 times according to Series E projections and 2.1 times
according to Series C projections, based upon 1970 levels. Overall, the
two projections forecast either a moderately increasing population as
contained in the Series E projections, or a rapidly increasing growth
rate, doubling by 2020.
Both planning subareas are projected to grow at about the same
rate. By 2020, Planning Subarea 3.1 will grow88 percent, and PSA 3.2,














3.2 in the same time period
1970—2020.






























1970 1980 2000 2020
 
Series C Series E Series C Series E Series C Series E
Lake Huron basin 1239877 1456900 1390900 1952300 1678500 2557800 1891800
PSA 3.1 142338 164137 163000 215326 197100 279501 218800





























































































































































































































































































































earnings as a portion of total earnings are projected to decline in both
Series C and E. They will decline about 7 to 8 percent overall, from
50 percent of total earnings in 1980 in Series E and 49 percent in Series
C to 43 and 41 percent in Series E and C respectively. The declines are
roughly the same for both planning subareas in both projections, except
for Planning Subarea 3.1 which declines 4 percent in Series C.
The transporation sector is projected to decline slightly in
the Series C projections, but will increase by about one—half of one
percent in Series E projections. Both planning subareas will show this
slight increase in the Series E projection.
The wholesale and retail trade sector earnings as a percentage
of total earnings increases by about one percent in Series C, but
decreases a similar amount in Series E. Total earnings in finance, insurance,
and real estate decreased by about one and one—half percent in Series E,
with an increase in earnings in this sector as a percent of the total
in Planning Subarea 3.1 and a decrease in Planning Subarea 3.2 data for
Series C in Planning Subarea 3.1 is not available. Planning Subarea 3.2
in Series C shows a slight increase in comparison with total earnings.
Both Series C and Series E project increases in the earnings of
the service sector as a percent of the total earnings. The increase is
larger —— from 12 to 20 percent overall -- in Series E. In Series C
the increase is from 12 to 18 percent of the total earnings in the time
period 1980 to 2020. For both projections the greater increase is in
Planning Subarea 3.2. Earnings in the government sector are projected
to increase only slightly in both Series C and E —- from about 12 to
about 13 percent for both. Government earningsare larger in Planning
Subarea 3.1 and the increase forecast is larger here as well, with
government earnings around 27 percent of total earnings by 2020.
Earnings by sector will be relatively stable (less than five
percent increase or decrease) in this lake basin in the coming decades.
An exception to this is manufacturing which will decline about 7 to 8 per-
cent in both projections and services which will increase from 6 to 8 per—





POPULATION, EMPLOYMENT, PERSONAL INCOME, AND EARNINGS BY INDUSTRY; 1970, 1980, 2000, 2
LAKE HURON BASIN — SERIES C
1970 1980
Population. midyear 1239877 1456900
Per capita income (1967 dollars) 3245 4728








Total personal income 4024260 6888200
Total earnings 3217647 5494100


















































































































































































































































Per capita income (1967 dollars) 2733 4143 7341 13033





















































































































Wholesale and retail trade 47521 87300 224840 557200





Services 29615 55950 145220 350600
Government 48013 109000 296620 725800
Federal government 5895






*Employment is for 1960
a-Reprcsents 80.0 to 99.9 percent of the true value
b-Represents 60.0 to 79.9 percent of the true value





















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































1239877 1390900 1678500 1891800 142338 163000 197100 218800 1097539 1227900 1481400 1673000
Per capitn income (1967 dollars) 3245 4700 8100 13400 2733 3900 7000 3312 6800 8300 13600
Per capita income Rel. (u.s.=1.00) .785 1.00 1.00 1.01 .79 .84 .87 .91 .95 100 1.02 1.03
Total employment
431129 552700 706700 803100 45601 60400 78400 89400 385528 492300 628300 713700
Employment/population ratio .35 .40 .42 .43 .32 .37 .40 .41 .35 .40 .42 .43
— - - —
—
- — — - — — IN THOUSANDS or DOLLARS — — - — - — - — — — —- — — ~ — — — — ~— — — — — — - -
Total personal income
4024260 6535000 13623900 25308700 389007 639800 1388800 2619800 3635253 5895200 12235100 22688900
Total earnings
3217647 5302900 10796200 19811500 248951 393600 873000 1692700 2968696 4909300 9923200 18118800
Agriculture, forestry G fisheries 67144 74400 84100 104400 1214c (s) (s) (s) 65930a 74400 84100 104400
Agriculture












- (s) (s) (R)
Mining
5204 23300 32200 43500

















Crude petroleum a natural gas
- 7700 9300 11500 - (B) (9) (8) ~ 7700 9300 11500
Nonmetallic, except fuels









145151 228100 448400 792500
 
Manufacturing
1533360 2632200 4969200 8472000
74696 107700
203900
353000 1459164 2524500 4765300 8119000





































































































































































— 27100 52600 93300
35100 66200 114500
Trons., comm. 8 public utilities
135616 211900 457100 875600
11285 19300
48700 100300 124331 192600 408400 775300
thlelale and retail trade
475750 718600 1371300 2380488
47521 79500 172400 326500 428229 638500 1198900 2054000
Finance, insurance 6 real estate
70200 126600 303400 610700
59993 12500
36600
85600 642013 114100 266800 525100
Services
331907 624000 1707800 3868700 29615 50300 123000 251000 302292 573700 1584800 3617700




58 476800 1012700 1858100
90 37300 67600 118200
Government









State and 10cal government
343661 549300 1204200 2265400 38003 72500 191500 40
Armed forces




"Employment is for 1960
a—ﬂopresants 80.0 to 99.9 percent of the true value
b-lcpr ont- 60.0 to 79.9 percent of the true value
c-Inpronentl 20.0 to 39.9 percent of the true value
NOTE:





































































































































































































































   
Agricultural Trends
Grain corn, wheat, and dried edible beans will continue to be
major crops produced in the Lake Huron basin, based on both the Series C
and E projections for the time period 1970 to 2020. Oats will decrease
in importance in both projections and soybeans will increasein importance.
All crops increase in production throughout the time period in Series C,
except for oats which decrease in the period 2000 to 2020.
Percentage increase or decrease in the production levels of
each planning subarea are roughly equal to the increase or decrease in the
Basin as a whole. One exception is grain corn, which shows a moderate
increase in Planning Subarea 3.2 as compared to 3.1 in Series C, but
in Series E shows a much greater increase in Planning Subarea 3.1. Dried
edible beans in Planning Subarea 3.2 or the basin as a whole. Barley
increases in Planning Subarea 3.2 in the Series C projections, but declines
to zero for the same subarea in Series E.
The major differences between the two projections are in soy-
beans and wheat. Wheat is projected to grow by 167 percent in Series C,
but decline by 37 percent in Series E. Soybeans registera significant
gain in production in Series E —— about 5 times the current normal
average -- but grow by about three times in Series C.
Livestock Trends
Tables 84 and 85 present the livestock products from OBERS Series
C and E data.
For Series C all livestock production is projected to
increase throughout the time period 1980—2020.
In contrast, Series E
projects a decline in all production except beef and veal, and turkeys
for the same time period.
With Series C each planning subarea's share of the Lake Huron
total projected output remains constant.
In Series E the only area where
projected shares vary greatly is broilers, and this is due to the zero




































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































between 26 and 46 percent.
Another land use that can be of importance in determining water
quality relationships
is land used for extractive minerals.
Land needs
for this purpose are expected to increase 124 percent by 2020.
The primary
growth in both planning subareas is in sand and gravel production.
Table 88
shows the projected extractive mineral land requirements.
SPECIALIZED LAND USES
 
The following five categories of specialized land uses -— disposal
operations, erosion zones, intensive livestock operations, high density,
nonsewered areas, and recreational lands -- are unique in their specific
land drainage aspects which affect water quality.
The emphasis in this
section is to indicate what relative magnitude of change will be likely to
occur in these land-use operations over the next 20 years.
Because of the
multiplicity of factors affecting their futures, estimates beyond 20 years
entail great uncertainties. Projections have been based in part on the
opinions of experts in the field as to their expectations of the future
near term trends concerning these various land uses.
Disposal Operations
The following four disposal operations -— liquid waste, solid waste,
dredge spoil and artificial fill, and deepwell disposal operations —— form
the major methods for allocating man's nonproduct outputs to the environ-
ment. Overall, the amount of wastes to be disposed of will increase in
the future in response to population and economic changes. As will be seen,
this relationship will vary according to the type of disposal procedure.
Liquid Waste Disposal
 
There are a variety of factors which will affect the future
trend in utilizing land for the disposal of liquid effluents, both from
municipal and industrial concerns. The major limitation in expanding the
amount of liquid waste disposal operations is the amount of land required
for this practice. If population growth expands considerably in the Lake
Huron basinresulting in increasing demand for land, liquid waste disposal
practices will tend to conflict with other economic uses of land. Conse—
quently, liquid waste disposal operations may tend to become less acceptable
practices in the future.
Conversely, if the cost of alternative forms of liquid waste
disposal increase significantly, and if population and economic growth
remain relatively stable, then land treatment systems for liquid wastes
  
 
                                                                       
                                                        
Table 86
LAND USE PROJECTIONS - 1980, 2000, 2020



























































1966-67 1980 2000 2020 1966-67 1980 2000 2020 1966-67 1980 2000 2020
Urban, 568.6
605.1 668.1 687.7
























































































































































    
may become an attractive option for many communities and small industrial
concerns. One particularly attractive aspect of liquid waste disposal
operations is the ability to remove pollutants at a rate of efficiency
not usually available without incurring exceptional costs with alternative
disposal systems. In this sense land treatment systems are generally
competitive on a cost effectiveness basis to alternative disposal methods,
assuming that land prices do not increase significantly in all parts of
the basin.
Secondly, there is a possibility that such systems can be used
in various agriculture and silvicultural operations, enhancing the
economic productivity of these operations. Assuming that agricultural
and silvicultural operations will continue to experience high rates of
demand, liquid waste disposal practices may become economically advanta-
geous for growers to include in their operations. This would enhance the
feasibility of using land treatment practices in the future.
However, a limiting factor in the use of liquid waste disposal
practices are the variety of public concerns focusing on the perceived
incompatibility of such practices with alternative land uses, especially
residential activities. Secondly, there are questions concerning the
public health, social, and economic impacts that land treatment systems
may incur upon adjacent areas. If public attitudes towards land treatment
systems focus primarily on the potential adverse effects these systems can
generate, this could limit the acceptability of these treatment systems.
Climatic factors in the more southerly Planning Subarea 3.2 are
more conducive to liquid waste disposal. However, population growth is
greater in this area as well, and this could limit land available for
disposal systems.
Table 89
PROJECTED WASTEWATER FLOWS REQUIRING DISPOSAL(7)(mgd)
 
1970 1980 2000
w Industrial Municipal Industrial Municipal w
Lake Huron basin as 465 111 418 175 262
PSA 3.1 5 12 7 10 12 10
PSA 3.2 80 453 104 408 163 252
To Convert Iron 32 Hultlnll I!
Gallons (3.1) Liter. (1) 3.185
Solid Waste Disposal
The future trends in solid waste disposal will be affected by
three factors.
Per capita waste generation is unlikely to change signi-
ficantly except as it is affected by the amount of disposable goods and
materials generated in economic activities.
The number of waste disposal
sites is likely to diminish as more counties convert to larger sanitary
landfill operations.
Finally, the amount of wastes disposed of into the
environment will be affected to some extent by the amount of materials










































































































fewer sites with larger capacities
to handle the waste generated in their
area.
With the move towards larger sanitary landfill sites, the number of
disposal sites in the Lake Huron basin will decrease significantly.
However, as a consequence of this policy, the potential severity of impact
these newer sites may have on water quality, if not properly constructed
and sealed, will likely increase several fold due to the increased volume
of wastes contained in these facilities. Thus, it is important to insure
that these larger regional waste disposal sites are given proper engineer—
ing and environmental attention in their design and maintenance in order
to prevent water quality degradation from occurring.
The recycling of waste materials is likely to decrease the volume
of waste requiring disposal in the future. However, recycling so far has
mainly revolved around reusing glass, paper, and metal materials and has
not involved recycling of garbage or general refuse, which are the main
producers of leachates. The recycling of reusable materials, therefore,
is unlikely to affect the amount of leachates produced in sanitary land-
fill sites.
In addition, the closing of open dumps in the Lake Huron basin
in many instances has not involved completely sealing the abandoned sites.
It is likely that contamination from these closed dumps will continue and
may even increase as refuse decays. Although over a long time span the
amount of leachates produced from closed sites will decrease as the
materials decompose, it is unlikely that such a reduction in leachates
will be achieved within the next 10 to 15 years. Attention to these
problems is needed, perhaps by requiring open dumps to be properly














































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































amount of annual lakeshore erosion in the Lake Huron basin.
Continued
development of structural shoreline protective measures will reduce the
amount of erosion occurring in certain critical areas.
This lake basin
currently has a limited amount of critical lakeshore erosion, according
to economic
loss criteria.
Lakeshore erosion will gradually decrease by
about one percent per year.
In various sensitive shoreline areas, such as the erodible low
plain in the northern portion, and the Saginaw Bay wetlands, increased
recreational development and construction of homes or industry could
increase the occurrence of lakeshore erosion.
Riverbank Erosion
There are several trends affecting the amount of riverbank
erosion likely to occur in the future. With increased development of
land in the Lake Huron basin, the likelihood that erosion of riverbanks
will occur is enhanced if no steps are taken to provide measures either
in the form of land use regulations and/or structural means to curb
riverbank erosion. Rivers and streams will continue their importance
as transporters of nutrients and chemical materials, if preventive measures
are not taken to reduce the amount of sediments and other materials entering
surface and ground waters.
Because of the costs associated with vegetative controls or
structural measures to prevent erosion from occurring, it is unlikely
that streambank erosion rates will significantly decrease in the future,
except insofar as land use management programs may alter land use practices
with the intent of preventing further erosion of streambanks. If such
management measures are effectuated and are successful, then one can
expect some decrease in streambank erosion. Otherwise, present erosion




































To Convert From To Multiply By
Miles (mi) Kilometers (km) 1.609
Intensive Livestock Operations
Over the next 10 to 15 years
therewill be a trend towards larger and
more intensive animal feedlots, and a continued demise of small livestock
operations in the Lake Huron basin.
This is in response to the increased
profitability and effectiveness larger livestock operations provide over
smaller ones.
Livestock operations, therefore, will increasingly come to
be viewed as commercial operations rather than as small rural ventures.
Consequently, waste
productionfrom those feedlots will tend to be concen-
trated in particular areas.
Waste disposal systems will need to be main—
tained for water quality.
In this lake basin, Planning Subarea 3.2 has the predominant number
of intensive livestock operations.
Intensive livestock operations are
not as numerous at present as in some of the other lake basins.
The
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8et1el C Series B Series C Series E
Total Total total Total
Nonsevered ﬂu; [louse-tarot! Urban “answered M Uonsevered Urban Nonsenered Urban
L551?!” 189,663 36,542 222,389 153,050 212 ,119 100,236 259,833 50,612 2311.081 144,392
PSA 3.1 £1.73). 1,907 48,125 2,199 67,9“ 2,055 55,629 2,562 52,956 2,270
PSA 3.2 147,932 36,635 17b,26b 60,851 166,178 38,181 204,206 £7,870 181.125 62.122
Recreational Lands
Recreational activities in terms of days of use are likely to more
than double in the Lake Huron basinby 2000. Population pressure from the
more urbanized areas in Planning Subarea 3.2 and from the Detroit Metro-
politan area to the south of this lake basin will be important sources of
demand. In conjunction with an expanded use of the Lake Huron basin will
come an intensification of existing facilities usage, increasing the
pressure upon availablefacilities to adequately handle the waste generated
by tourists. Land developed for recreational use is expected to grow by





With the expansion of recreational activities, there will be an
increase in the amount of wastes to be disposed of —— both liquids and
solids. In addition, the construction of recreational second homes in
rural areaswill lead to an increase in numbers of nonsewered housing in
these areas. Since recreational pursuits are seasonal, the major impacts
from recreational activities will occur in the summer months. However,
increasing enjoyment of water activities such as skiing and snowmobiling
has meant an increase in use year round.
The specific impacts and their magnitudes resulting from recreational
pursuits has not been well documented in the past, given the likelihood
that these activities will increase in the future, more work needs to be





TRENDS IN RECREATIONAL LANDS
uunum BASIN ISA 3.1 "A 3.2
27.0 m m mg m m M 19.32 m
Swimming 110 110 110 60 60 60 50 50 50
Picnicking 1,110 1,110 1,110 770 770 770 3140 340 3‘0
Camping 1.1030 1,740 1,750 1,000 1,180 1,180 1.30 560 560
Parking (General) 510 500 500 210 250 250 200 250 250
Parking (Boats 6
Hater Skiing) 260 260 260 200 200 200 60 60 60
Playfields 680 680 680 10 10 10 670 670 670
Golf 1,060 l,060 1,060 600 600 600 A60 560 1:60
Snow Skiing 60 60 60 20 20 20 40 60 50
Sledding 0 0 0 0
Ice Skating 0 0 0 0 0 0
Boating (Hater
area) 450,000 450,000 450,000 289,000 289,000 289,000 161,000 161,000 161,000
TOTAL 455,120 655,520 1.55.520 291,870 292,090 292,090 163,250 163,430 163,430



































Changes in any one of these variables will signifi-
cantly alter any agricultural projection.
In addition, technological
changes in the types of materials used in agricultural
practicescan
significantly alter the influence these materials may have on water
quality.
Therefore, it is difficult to accurately project the influence
of agricultural practices upon water quality in the future.
For the sake
of clarity, this section assumes that major influences affecting agricul-
tural trends will remain relatively stable and that there will be no major
shifts in agricultural productionpractices within the next 10 to 15 years,
either in terms of technology or in terms of crop types.
Agricultural chemicals, animal wastes, commercial fertilizers, lime,
and salts will continue to be employed at about current usage rates,
although specific materials will likely experience greater utilization
than others over the next 10 to 15 years.
Agricultural Chemicals
 
Several trends indicate an increased usage of agricultural chemicals
over the next 10 to 15 years. With continued rising labor costs, the use
of agricultural chemicals to control weeds and pests, as well as various
forms of fungus andbacteria, will continue to be economically attractive
in many agricultural operations. The use of chemicals on crops will there-
fore continue to be used at current or higher rates in the Lake Huron basin
in the near future.
However, there are certain aspects which may tend to decrease the
























































































































































































































































































































































































































































































































































































































1,325 1,790 2,690 5,372
5,023 6,968 10,494 20,372
4,163 5,706 8,510 16,880
2,009 2,787 4,198 8,149




















TOTAL ACTIVITY OCCASIONS 46,567 75,664 9,152 26,571
TOTAL ACTIVITY OCCASIONS(251) 37,101 62,600 7,290 20,358






Boating 3,248 4,883 7,762 644 961 2,604
Water Skiing 587 1,047 1,911 116 206 375 471
Canoeing 218 340 527 43 67 103 175
Sailing 192 279 449 38 55 87 154
TOTAL ACTIVITY OCCASIONS 4,245 6,549 10,649 841 1,289 3,404
TOTAL RECREATION DAYS 1,698 2,620 4,260 336 516 834 1,362
Skiing 342 370 569 68 73 92 274
Sledding 1,667 2,144 3,457 330 421 676 1,337
Ice Skating 1,393 2,219 3,670 276 436 718 1,117
TOTAL ACTIVITY OCCASIONS 3,402 4,733 7,596 674 930 1,486 2,728





walking for Pleasure 11,326 14,130 20,133 2,240 2,774 3,934 9,086
Attending Outdoor Games 4,261 5,582 7,883 843 1,098 1,542 3,418
Attending Outdoor Concerts 587 850 1,349 116 167 263 471
TOTAL ACTIVITY OCCASIONS 31,067 39,610 52,080 6,149 7,783 10,770 24,918




















Nature Walking 1,406 1,789
Hiking
588 941






























































































































































































































































































































































































































TRENDS IN MATERIAL USAGE: AGRICULTURE(3)
(1,000's)
mmms USAGE [All HUIOII MSII PSA 3.1 m 3.2
1972 1980 1990 1271 1900 1990 1972 1”!) 1990
Agricultural Chemicals
Herbicides (lbs) 3,158.2 3,474.1 3,789.8 217.5 239.3 261.0 2,940.7 3,234.8 3,528.8
Insecticides (lbs) 633.1 633.1 601.4 113.0 113.0 107.3 520.1 520.1 494.1
Fungicides (lbs) 307.6 323.0 338.3 64.3 67.5 70.7 243.3 255.5 267.6
Animal Wastes (tons) 4,371.7 4,294.7 4,177.9 923.8 1,123.1 1,095.6 3,447.9 3,171.6 3,082.3
Comercial Fertilizers 313.3 344.7 376.0 20.8 22.9 25.0 292.5 321.8 351.0
(tons) 313.3 344.7 376.0 30.8 22.9 25.0 292.5 321.8 351.0
Lime (tons) 28.8 28.8 28.8 6.3 6.3 6.3 22.3 22.3 22.3
To Convert From _'1‘_o Multiply By
Pounds (1b) Kilogram. (kg) 0.454
Tons (ton) Kilogram- (kg) 907.2
Metric Ton 0.907
Although the use of chemicals on crops is likely to increase over
the next 10 years, the water quality impact of these chemicals is not so































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































PSA 3.1 34.3 39.6 39.1 24.8 43.2
PSA 3.2 71.9 84.7 8.7 56.6 89.1
To Convert From $2 Multiply BX
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